Engineering Mechanics - Statics Chapter 1 


Problem 1-1 


Represent each of the following combinations of units in the correct SI form using an 
appropriate prefix: 
(a) m/ms (b) km (c) ks/mg (d) km- uN 


Units Used: 


uN = 10° N 


ukm = 10 © km 


@e-=407- 5 

ks = 10° S 

mN = 10° N 

ms = 10 S 

Solution: 
m m 

(> aio 
ms S 
m km 
ee pe 
ms Ss 


(b)  pkm=1x 10 °m 


(Oo BS: pga Ss 
mg g 
ks Gs 
See eee 
mg kg 


(4) kmpN=1x10 °mN 


km- uN = 1mm-N 
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Problem 1-2 


Wood has a density d. What is its density expressed in SI units? 
Units Used: 
Mg = 1000 kg 


Given: 


d= 4.70 


ft 


Solution: 
1slug = 14.594 kg 


M 
d= Dp 
3 


m 


Problem 1-3 


Represent each of the following combinations of units in the correct SI form using an 
appropriate prefix: 


(a) Mg/mm (b) mN/ps (c) wm: Mg 


Solution: 
M8 l0>kg 10°kg Gg 
a Ss 
mm 10~ 3 re m m 
Mg __ Gg 
mm - m 
mN 10°°N  10°N_ KN 
(b) Sea are a ee 
eis (a : : 
mN 3 kN 
Ls S 


(Oo ume (a0r olla? te a0? ave 


um-Mg = mm-kg 
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Problem 1-4 


Represent each of the following combinations of units in the correct SI form: (a) Mg/ms, (b) 
N/mm, (c) mN/( kg; ps). 


Solution: 


Mg 10° kg 10° kg Gg 


(2) SS 2 
ms 102 g S Ss 
Mg Gg 
mss 
N 1N 3N kN 
(b) a —=— 
mm 49-2 m m m 
N re kN 
mm =m 
-—3 
mN 10 ~N kN 
oi ee ee ee 
Kes 19 8kg.s Kes 
mN = kN 
kg-us kg-s 
Problem 1-5 


Represent each of the following with SI units having an appropriate prefix: (a) S,, (b) S., (c) S3. 


Units Used: 
-3 3 
kg = 1000 g ms = 10° s kN = 10° N 
Given: 
Sz] = 8653 ms 
So = 8368 N 
S3 = 0.893 kg 
Solution: 


(a) S;= 8.653 s 
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(b) Sp = 8.368kN 


(c) S3 = 893g 


Problem 1-6 


Represent each of the following to three significant figures and express each answer in SI units 
using an appropriate prefix: (a) x, (b) y, and (©) z. 


Units Used: 

MN = 10° N 

ug = 1x10 ° gm 
kN = 10° N 

Given: 

x = 45320 kN 

y = (568 x 10°) mm 
z = 0.00563 mg 
Solution: 

(a) x= 45.3MN 


(b) y=56.8km 


(cd) z=5.63 pg 


Problem 1-7 


Evaluate (a-b)/c to three significant figures and express the answer in SI units using an 
appropriate prefix. 


Units Used: 
um =10 =m 
Given: 


a = (204 mm) 
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b = (0.00457 kg) 
c = (34.6 N) 
Solution: 


b Te 
jose foe p45 
Cc 


Problem 1-8 


If a car is traveling at speed v, determine its speed in kilometers per hour and meters per second. 


Given: 


mi 
v = 55— 


Solution: 


km 
v = 88.514 — 
hr 


m 
v= 24.6 — 
S 


Problem 1-9 


Convert: (a) S,to N-m, (b) S,to kN/m’, (c) S,to mm/s. Express the result to three 


significant figures. Use an appropriate prefix. 


Units Used: 


kN = 10° N 


Given: 


S_ = 200g lb-ft 


lb 
So = 3509 — 
ft 
Gen 5 ft 
ai hr 
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Solution: 


(a) S;=271N-m 


kN 
(b) Sz = 55.0— 
m 


nm 
(c) S3 = 0.677 — 
S 


Problem 1-10 


What is the weight in newtons of an object that has a mass of: (a) m,, (b) mp, (c) my? Express 
the result to three significant figures. Use an appropriate prefix. 


Units Used: 

Mg = 10° kg 
nN’ = 10° N 
kN = 10° N 
Given: 

mz, = 10 kg 
mz = 0.5 gm 
m3 = 4.50 Mg 
Solution: 


(a) We=mig 
W = 98.1 N 
(b) W-=mgg 
W = 4.90 mN 
(c) W=m3g 


W = 44.1 kN 
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Problem 1-11 


If an object has mass m, determine its mass in kilograms. 


Given: 


m = 40 slug 
Solution: 


m = 584 kg 


Problem 1-12 


The specific weight (wt./vol.) of brass is fp. Determine its density (mass/vol.) in SI units. 
Use an appropriate prefix. 


Units Used: 
Mg = 10° kg 


Given: 


Ib 
p = 520— 


fe 
Solution: 
Mg 


3 
m 


p = 8.33 


Problem 1-13 


A concrete column has diameter d and length L. If the density (mass/volume) of concrete is , 
determine the weight of the column in pounds. 


Units Used: 
Mg = 10° kg 
kip = 10° Ib 
Given: 

d = 350 mm 


L=2m 
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M 
p = 2.45 ae 
3 
m 
Solution: 
F 2 
V= “($) L V = 192.423 L 
W=pVv W = 1.04 kip 


Problem 1-14 


The density (mass/volume) of aluminum is p. Determine its density in SI units. Use an 
appropriate prefix. 


Units Used: 
Mg = 1000 kg 


Given: 


sl 
pasoe <2 


ft 


Solution: 


Problem 1-15 
Determine your own mass in kilograms, your weight in newtons, and your height in meters. 
Solution: 
Example 
W = 150 lb 
m= W m = 68.039 kg 
Wg = 667.233 N 


h = 72 in h = 1.829 m 
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Problem 1-16 


Two particles have masses m, and m,, respectively. If they are a distance d apart, determine 
the force of gravity acting between them. Compare this result with the weight of each particle. 


Units Used: 
12 m? 
G = 66.73x10 “ — 
2 
kg-s 
nN = 10 °N 
Given 
mj = &kg 
m2 = 12 kg 
d = 800 mm 
Solution: 
G mj m2 
F= a 
d 
F = 10.0 nN 


Wi =mg W, = 78.5 N 


W2 =m2g Wo = 118N 


7.85 x 10° 


1.18 x 102° 


Chapter 1 


Problem 1-17 


Using the base units of the SI system, show that F = G(m,m,)/r? is a dimensionally 


homogeneous equation which gives F' in newtons. Compute the gravitational force acting 
between two identical spheres that are touching each other. The mass of each sphere is m,, and 


the radius is r. 


Units Used: 


uN = 10 °N G = 66.7310 
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kg: s° 
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Given: 


m, = 150 kg 


r = 275 mm 


Solution: 
G m1” 
Fe= 5 
(2r) 
F = 4.96 uN 


Since the force F is measured in Newtons, then the equation is dimensionally homogeneous. 


Problem 1-18 


Evaluate each of the following to three significant figures and express each answer in SI units 
using an appropriate prefix: (a) x, (b) y, (c) z. 


Units Used: 


MN = 10° N 


kN = 10° N 


um = 10 om 
Given: 


x = (200 kN)* 

2 
y = (0.005 mm) 
z = (400 m)° 
Solution: 


(a) x = 0,040 MN? 
2 
(b) y= 25.0 um 


(c) z= 0.0640km" 


10 
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Problem 1-19 


Evaluate each of the following to three significant figures and express each answer in SI units 
using an appropriate prefix: (a) a,/b,, (b) ayb./C5, (C) agbo. 


Units Used: 


um = 10 =m Mm = 10° m 


Given: 

az = 684 um 
bz = 43 ms 
az = 28 ms 


bo = 0.0458 Mm 


co = 348 mg 
a3 = 2.68 mm 
b3 = 426 Mg 
Solution: 
a] mm 
(a) — 
bj S 
a2 02 
(b) = 3.69 Mm — 
C2 
(c) a3 b3 = 1.14km-kg 


Problem 1-20 


Evaluate each of the following to three significant figures and express each answer in SI units 
using an appropriate prefix: (a) abe (b) ab, 


Units Used: 


Mm = 10 m 


11 
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Given: 
az = 0.631 Mm 
bz = 8.60 kg 


az = 35 mm 


bo = 48 kg 
Solution: 
a] km 
(a) — = 8.532 
by kg 
(b) ap? bp = 135.48 kg? m7 
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Problem 2-1 


Determine the magnitude of the resultant force Fp=F, + F, and its direction, measured 
counterclockwise from the positive x axis. 


Given: r 
F; = 600 N 
F, F 
F > = 800 N 
F3 = 450 N a" 
{ 
— ’ 
a = 45 deg Sy a 
: 5 a 
f = 60 deg F 5 4 \ 
y = 75 deg ——_  , 
y 
Solution: 


y = 90 deg-ft+a 


Fp =.{F1° +Fo° -2 Fi Fo cos(y) 


FR = 867N 


O= wsin(F —— 
0 = 63.05 deg 
@=O+a 


¢ = 108deg 


Problem 2-2 


Determine the magnitude of the resultant force and its direction measured counterclockwise 
from the positive x axis. 


Given: 
Fy = 80 lb 
Fo = 60 lb 


13 
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0 = 120 deg v 
Solution: Fy 
2 2 

Fr =./F1° + Fo° — 2 Fy Fo cos(180 deg — 6) 
Fp = 72.11b ' 

in(180 deg — @ 
Hes ain(ey sin(180 deg ~ 6) 

FR 
tsu-—i4 

B = 73.9 deg 
Problem 2-3 


Determine the magnitude of the resultant force Fp = F, + F, and its direction, measured 
counterclockwise from the positive x axis. 


Given: y 


Fz = 250 |b 
F 9 = 375 |b 
0 = 30 deg 
od = 45 deg 


Solution: 


Fr = [F17 + Fo —2 F1 F> cos(90 deg + 0- 9) 


FR = 178 kg 


FR Fy} 
sin(90 deg + 0-4) _ sin(A) 


I . K 


Fy 
B = asin} — sin(90 deg + 0- ) 
FR 


a YP dd} 


B = 37.89 deg Ps 


14 
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Angle measured ccw from x axis 


360 deg — $+ B = 353deg 


Problem 2-4 


Determine the magnitude of the resultant force Fp = F, + F, and its direction, measured 
counterclockwise from the positive u axis. 


Given: 
F, = 300N \ 
F> = 500 N 
i 
a = 30 deg 
B = 45 deg 
y = 70 deg 
Solution: 
Fp = .{F1- + Fo° —2 Fy Focos(180 deg — B— + a) 
FR = 605 N w) 
FR F2 


sin(180 deg-— 6-y+ a) sin( 6) 


in(180 deg —- B- y+ 
FR 
0 = 55.40 deg 
g=O0+a 
o@ = 85.4deg 
Problem 2-5 


Resolve the force F, into components acting along the u and v axes and determine the 
magnitudes of the components. 


Given: 


F, =300N a = 30 deg 


15 
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F> =500N_ £ = 45 deg \ 
y = 70 deg 
vi 
Solution: 
F yy Fy 


sin(y— a) 7 sin(180 deg — 7) 


Fi, = sin(y — a) 
is sin(180 deg — 7) 
Fyiy = 205 N 
Fy Fy 


sin(a) — sin(180 deg — 7) 


cians sin(180 deg — 7) BAX =f =j 
a 


Fyy = 160 N 


Problem 2-6 


Resolve the force F,, into components acting along the u and v axes and determine the 
magnitudes of the components. 


Given: : 
\ 
F, = 300 N \ 
F > = 500 N 
a = 30 deg 
B = 45 deg 
y = 70 deg 
Solution: 
sin() d 
i sin(y) 180°— (B+y) 4 


16 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 2 


Foy = 376.2 N 

ae pj deg - (B+ a 
sin(7) 

Foy = 482.2 N 

Problem 2-7 


Determine the magnitude of the resultant force Fp = F, + F, and its direction measured 
counterclockwise from the positive u axis. 


Given: 

Fy, = 25 |b 
F 2 = 50 |b 
0, = 30 deg 
02 = 30 deg 
03 = 45 deg 
Solution: 


a = 180 deg - (03 + 1) 


Fp =./ Fo" +F 1° —2 Fy Fo cos(a) 


Fp =61.4lb 


a) FR 


sin( 9) = sin( a) 0 = os sia 2 
F 


0 = 51.8 deg 


6= 0-63 


0 = 6.8 deg 


Problem 2-8 
Resolve the force F, into components acting along the u and v axes and determine the components. 
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Given: 
F, = 25 bb 
F> = 50 lb 
0; = 30 deg 
02 = 30 deg 
03 = 45 deg 
Solution: 
Fy Fy 
sin( 03 = 0>) 7 sin( 02) 
-Fy sin( 3 = 0) 
Fy ry er an 
sin( 4) 
Fy = -12.9lb 
Fy Ey 


sin( 180 deg — 63) sin( 0) 


F, sin(180 deg — 63) 


F = 

: sin( 0) 
Fy = 35.41b 
Problem 2-9 


Resolve the force F,, into components acting along 
the u and v axes and determine the components. 


Given: u 
Fy, = 25 |b 

F> = 50 |b “ 
0; = 30 deg 
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Chapter 2 
02 = 30 deg 
63 = 45 deg 
Solution: 
Fy Fo 


sin[ 180 deg - (0; + 02)] _ sin(02) 


- Fp sin| 180 deg — (0; > 62) | 


Fy = 86.6 lb 


-Fy 1, 
sin( 01) sin( 2) 


Problem 2-10 
Determine the components of the F force acting along the u and v axes. 
Given: 

9; = 70 deg 


02 = 45 deg 


ul ry 
63 = 60 deg 


F = 250N > 
Solution: 


Fy F 
sin[ 180 deg - (0, + )| — sin(@2) 


F sin| 180 deg - (0; + 42)| 
Fy = ao Fy, = 320 N 
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Fy F 


sin( 1) sin( 02) 


7 Fsin( 67) — 1RO® — (4) +6) 
sin( 02) MA 


Problem 2-11 


The force F acts on the gear tooth. Resolve this force into two components acting along the 
lines aa and bb. 


Given: b 
F = 20 |b 
0; = 80 deg 


02 = 60 deg 


Solution: 


goite, wales = - sete 
sin[ 180 deg - (0, + )| — sin(@) 


y= a Fq = 30.61b 
“~~ sin[ 180 deg — (0 + 4)| Se ‘ 


F Fp 


sin[ 180 deg - (0; + )| — sin(@2) 


F sin( 02) 


7 sin[ 180 deg - (0; + 42)] SEC 


Problem 2-12 


The component of force F acting along line aa is required to be F',. Determine the magnitude 
of F and its component along line bb. 


20 
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Given: 
0; = 80 deg 


02 = 60 deg 


Solution: 


Fg F 


sin( ;) 7 sin[ 180 deg — (0; + 2)] 


eee sin(180 deg - 0) — 4) 
“Sel aeeGy 
Fq Fp 

sin( ;) : sin( 02) 

aa Fg sin( 02) 

err i 


Problem 2-13 


A resultant force F is necessary to hold the ballon in place. Resolve this force into components 
along the tether lines AB and AC, and compute the magnitude of each component. 


Given: 


F = 350 lb 
0; = 30 deg 
02 = 40 deg 
Solution: 


FAB F 


sin( 0) 7 sin| 180 deg — (0; + 42)] 
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) F = 19.6lb 


= 26.4lb 
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Fap = F aes 


sin 180 deg - (0; + 42)] 


Iku 10 Hy) | 
IKRO—(6 +H) 
Fap = 1861b F 


Fac F 


sin( 02) 7 sin[ 180 deg — (0; + 2)] 


a. 


sin[ 180 deg - (0; + 42)] 


Fac = 2391b 


Problem 2-14 


The post is to be pulled out of the ground using two ropes A and B. Rope A is subjected to force 
F, and is directed at angle 0, from the horizontal. If the resultant force acting on the post is to be 


Fp, vertically upward, determine the force T in rope B and the corresponding angle @. 


Given: 
T 
Fr = 1200 lb u Z 
BY” A 


H 

% Z* 

F1 = 600 Ib \ | J 
| 4 
Yee 

0; = 60 deg 6) : 

Solution: 

Pre | 
T =| F1° + FR -2F1 FR cos(90 deg — 0) 


T = 744]b 


sin( 6) sin(90 - 01) 


FR T 


Fy 
@ = asin| sin(90 deg — 0) =]  @= 23.8deg 
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Problem 2-15 


Chapter 2 


Resolve the force F, into components acting along the u and v axes and determine the magnitudes 


of the components. 


Given: 
F, = 250N 
F> = 150N 
0; = 30 deg 
02 = 30 deg 
03 = 105 deg 
Solution: 

Fly Fy 


sin( ;) sin( 03) 


- e sin( 0) 
Wy = F1 | in( Bs) 
Fyy = 129N 
Fly Fy 


sin( 180 deg — 0] - 03) 
Ft = By 


sin( 03) 


Fy = 183 N 


Problem 2-16 


sin(180 deg — 0; — 3) 


(LRO" —8)— A) 


Resolve the force F, into components acting along the u and v axes and determine the magnitudes 


of the components. 
Given: 


F, = 250N 
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Fo = 150N ’ 
0, = 30 deg 
02 = 30 deg 
63 = 105 deg rR & 
Solution: 
Fy Fo 
sin(0,) _ sin(180 deg - 63) 


sin( 07) ) 


er? = deg — 03) 


Fyy = 77.6N 
F2u 7 F2 
sin(180 deg - 43) _ sin(180 deg — 43) 
ad Ms, ( 180" — ba) 
sin( 180 deg — 03) ae (18IF Ay) 
F = —_—_—_—_— > 
7u "| sin(180 deg — 43) 


Foy = 150 N 


( PRO —f¥4) 


Problem 2-17 


Determine the magnitude and direction of the resultant force Fp. Express the result in terms of 
the magnitudes of the components F,, and F, and the angle ¢. 


Solution: 


Feo = ye 8s Sr cos 80 dew = 9) 
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Since cos (180 deg - d) = ~cos(), 


ene jaye Og ae aac) 


From the figure, 


hf) sind 


-_ —_—_—e} 


Fy sin() : F, COs a 


nO BF esl 


Problem 2-18 


If the tension in the cable is F,, determine the magnitude and direction of the resultant force acting 
on the pulley. This angle defines the same angle @ of line AB on the tailboard block. 


Given: 


F, = 400N 


0; = 30 deg 


Solution: 


Fr = Fy’ + Fy — 2F1F100s(90 deg - 61) 


Fr =400N 


sin(90 deg — 0) sin( 01) 


FR Fy 


FR ) 
6 = 90 deg — asin] — sin| 0 
8 1 rs in( 


cn of) — =n 


0 = 60deg 


25 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 2 


Problem 2-19 


The riveted bracket supports two forces. Determine the angle @so that the resultant force 
is directed along the negative x axis. What is the magnitude of this resultant force? 


Given: " 


F, = 60 lb 
F> = 70 Ib 
0; = 30 deg 


Solution: 


Fy F2 
Fy F 
0 = asin sin(01) —_ 
Fo 
0 = 25.4deg 


@ = 180 deg- 0- 0 


= 124.6deg " 
v4 

R =, /Fi° + Fo° - 2F1 Focos(¢) 

R = 115]b 


Problem 2-20 


The plate is subjected to the forces acting on members A and B as shown. Determine the magnitude 
of the resultant of these forces and its direction measured clockwise from the positive x axis. 


Given: 
Fa = 400 lb 
Fp = 500 lb 
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61 = 30 deg y 


0 = 60 deg 
Solution: 


Cosine law: 


Fr = Fp + Fa’ —2FRFAacos(90 deg - 0+ 01) 


FR = 4581b 


Sine law: 


sin(o0 deg 0+ 61) _ sin(9 a) 


— —— y| 


FR Fa 
Fa 
a = @-asin sin(90 deg -— 0+ 01) —_— 
FR 
fhm wy \ 
a = 10.9 deg Fy 


(iy H+) " 


Problem 2-21 


Determine the angle 0 for connecting member B to the plate so that the resultant of F, and F, 
is directed along the positive x axis. What is the magnitude of the resultant force? 


Given: 

Fa = 400 lb 
Fp = 500 lb 
0; = 30 deg 
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Solution: 


Sine law: 


sin(@) — sin(90 deg — 67) 
EA FB 


(v0 — A+ iy) 


Fa 
0= sn sin deg — 01) =) 

FB 
6 = 43.9 deg 


FR Fa 
sin(90 deg + 0] - 0) 


sin(90 deg — 0+ 01) 


FR=F 
f a sin( 8) 


FR =5611b 


Problem 2-22 


Determine the magnitude and direction of the resultant Fp = F, + F, + F, of the three forces 
by first finding the resultant F' = F, + F, and then forming Fp = F'+ F3. 


Given: y 

F, = 30N 

F 2 = 20N 

F3 =50N ; 
0 = 20 deg 

c=3 

d=4 
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Solution: 


Cc 
qa = atan} — 
(5) 
ao 
F' =./F 1° + Fo° —2F1 F2c0s(90 deg + 6- a) 


F' = 30.9N 


a 
sin((90 deg-@+a)) — sin(90 deg — 0— f) 


sin(90 deg— 0+ 2) 


B = 90 deg - 0- ain Fi a 


B= 1.5deg 


Now add in force F3. 


Fp = ./F'? + F3° — 2F' F3c0s(f) 


Fr= 19.2 N 


FR F' 
sin() 


Problem 2-23 


Determine the magnitude and direction of the resultant Fp = F, + F, + F; of the three forces by 
first finding the resultant F' = F, + F, and then forming Fp = F' + Fy. 


Given: 
F, =30N 
Fo = 20N 
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F3 =50N | 
F, | 
@ = 20 deg 
C=3 
d=4 
Solution: 
ew. 
F' =./Fo° + F3° — 2F9F3c0s((90 deg — 6)) 
F' = 47.07 N 
‘ 
F9 F' yiie-A 
sin(Z) — sin(90 deg — 6) A) OF, 


in(90 deg - 0 at, 
B= asi soles eg tt F, F 
F' 
y 
B = 23.53 deg 
c 
Qa = atan| — 
) 
y= a=p 


Peli ah oP Bey) 


Fr=19.2 N 


FR Fy 


sin(y) 


¢ = 21.16 deg 
y=f-¢ 


y = 2.37 deg 


30 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics 


Problem 2-24 


Resolve the force F into components acting along (a) the x and y axes, and (b) the x and y’ 


axes. 

Given: 

F = 50 lb 

a = 65 deg 

B = 45 deg 

y = 30 deg 

Solution: 

(a) Fy = F cos(£) 
Fy = 35.41b 
Fy = Fsin(£) 
= 35.4 1b 

Fy 
(b) 


sin(90 deg — B- 7) 


Fy = 


Fy = 14.9b 


Fy 


sin(f) 


Py =F 
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F 


sin(f) 


F 


sin(90 deg + 7) 


sin(90 deg — 6 - 7) 
sin(90 deg + 7) 


sin(90 deg + 7) 


sin(90 deg + 7) 
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Engineering Mechanics - Statics Chapter 2 


Fy: = 40.8 1b 


Problem 2-25 


The boat is to be pulled onto the shore using two ropes. Determine the magnitudes of forces 
T and P acting in each rope in order to develop a resultant force F,, directed along the keel 


axis aa as shown. 


Given: 
0 = 40 deg 
0; = 30 deg 


Fy = 80 lb 


Solution: 


eee eee ae 
sin| 180 deg — (0+ 01)] 7 sin( 6) 


sin( 6) 


need sin(180 deg — 0— 61) 


T = 54.7 1b 
hl — to) + I 

ae eee ee , 
sin| 180 deg — (0+ 61) 7 sin( 0) 

F, 
P = sin(@ ze 

= sin) Tao deg (07 Gi] 

P = 42.61b 
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Problem 2-26 
The boat is to be pulled onto the shore using two ropes. If the resultant force is to be F,, directed 


along the keel aa as shown, determine the magnitudes of forces T and P acting in each rope and 
the angle @of P so that the magnitude of P is a minimum. T acts at 0 from the keel as shown. 


Given: fLr- 


01 = 30 deg Pp 2 
F, = 80 lb 

a 
Solution: 


From the figure, P is minimum when 


6+ 0, = 90 deg 
6 = 90 deg — 0] 
0 = 60deg 

P Fy 


sin(@,) —_sin(90 deg) 


Fy sin( 07) 
sin(90 deg) 


P = 40\lb 


T Fy 


sin(@) —_ sin(90 deg) 


sin( 6) 
1 Sin(90 deg) 


T = 69.3 1b 
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Problem 2-27 


The beam is to be hoisted using two chains. Determine the magnitudes of forces F, and F, 


acting on each chain in order to develop a resultant force T directed along the positive y axis. 


Given: 


Fy F, 

T = 600 N % ‘ / 
he! 

01 = 30 deg ' f 

0 = 45 deg a | 
v 

Solution: 

FA T 


ae Tsin( 0) 

A sin] 180 deg — (0+ 61)] 
Fa = 439N 
eee. eee 
sin( 01) 7 sin| 180 deg — (0+ 01)] 

PHI) — fi i) 

Z sin( 07) 

P ©” ‘sin[180 deg — (0+ 01)] 
Fp =311N 
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Problem 2-28 
The beam is to be hoisted using two chains. If the resultant force is to be F, directed along the 


positive y axis, determine the magnitudes of forces F, and F, acting on each chain and the 
orientation @of Fx, so that the magnitude of F, is a minimum. 


Given: 


F = 600 N 


0; = 30 deg 


Solution: 


For minimum Fp, require 


6 = 90 deg — 0 


0 = 60 deg 


F cos(0) ee 


Fa =520N 


>" 
ll 


Fp = Fsin(61) 


Fp = 300 N 


Problem 2-29 


Three chains act on the bracket such that they create a resultant force having magnitude Fp. If 


two of the chains are subjected to known forces, as shown, determine the orientation @ of the 
third chain,measured clockwise from the positive x axis, so that the magnitude of force F in this 
chain is a minimum. All forces lie in the x-y plane.What is the magnitude of F? Hint: First find 
the resultant of the two known forces. Force F acts in this direction. 


35 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 2 


Given: 

FR = 500 Ib 
Fy, = 200 lb 
F 2 = 300 lb 


@ = 30 deg 


Solution: 

Cosine Law: E 
2 2 

Fri =,/F, + Fo -2F1 F> cos(90 deg — ¢) 


FR1 = 264.61b 


Sine Law: Make F parallel to Fp, 


sin(g+ 4) _ sin(90 deg — ¢) 


Fy FR 


Fy 
0 = -¢+ asin sin(90 deg — d) 7 
FR1 


Fri 
Ff 


R 
When F is directed along Fp,, F will be minimum to create the resultant forces. 


F = FR-FR 


F = 235]b 


Problem 2-30 


Three cables pull on the pipe such that they create a resultant force having magnitude Fp. If two 


of the cables are subjected to known forces, as shown in the figure, determine the direction 0 of 
the third cable so that the magnitude of force F in this cable is a minimum. All forces lie in the 
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x-y plane.What is the magnitude of F? Hint: First find the resultant of the two known forces. 


Given: 
FR = 900 lb 
F1 = 600 lb 
F> = 400 lb 
a = 45 deg 
B = 30 deg 
Solution: 
: 2 2 
F' =./F 1° + Fo” — 2F1F2c0s(90 deg + a — f) 
F' = 802.64 lb Md 
F = Frp-F' YO" eo # 
F = 97.4]b 


sin(¢) sin(90 deg + a- B) 


Fi F' 


ey 
@ = asin sin(90 deg + a —- p) a 


@ = 46.22 deg 
0=$-B 
0 = 16.2 deg 


Problem 2-31 


Determine the x and y components of the force F. 
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Given: , 
F = 800 lb 
a = 60 deg 
B = 40 deg 
Solution: 
Fy = Fsin(£) 
Dee cos() 
\ 

Fy = 514.2 Ib 1 

\ 
Jip —612.8 lb 


Problem 2-32 


Determine the magnitude of the resultant force and its direction, measured clockwise from 
the positive x axis. 


Given: ) 


F, = 70N 
F> =50N 
F3 =65N 


0 = 30 deg 
@ = 45 deg 


Solution: 


+ FrR==Fy Fry = F1 + Focos(6) — F3c0s(¢) 
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3a Fy= Fy Fry = —F2sin(6) — F3sin(¢) 


Fr= Be pays 


| 
0 = atan 
|Frx| 


FR =97.8N 


6 = 46.5 deg 


Problem 2-33 


Determine the magnitude of the resultant force and its direction measured counterclockwise 
from the positive x axis. 


Given: 
Fz = 50 |b 
\ 
Fz = 35 Ib 
a = 120 deg 
B = 25 deg 
yo 
4 . 
Solution: 
+ 
—> Fp, = =F, Fry = F,sin(a) — Fosin(Z) 
Fry = 28.5 1b 
ai Fp, = 2Fy; Fry = —-F1 cos( a) = F>cos() 
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Fry = -6.7 Ib 
Frp= ee + Fry” 
FR = 29.3 1b u, 
FR 
O = atan | y 
|FRx| 
Fry 
0 = 13.3 deg 


6 = 360 deg- 0 


6 = 347 deg 


Problem 2-34 


Determine the magnitude of the resultant force and its direction , measured counterclockwise 
from the positive x axis. 


es es 
NS mR 
Il Il 
(o>) jee) 
N oa 
ul o 
2 24 


eal 
wo 
Il 
NI 
uo 
on) 
Z 


Solution: 


+. Fp =SE, Frx =F} nena Fsin(¢) — F3sin(6) 
7 e + a 
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dh Fay= SF); Fry = i — ~ Fy cos(¢) + F3cos(8) 
c +d 


Frx = -162.8 N Fry = —-520.9 N 
| 2 2 
Fr =.,/Frx +Fpy Fr =546N 


Fry 
a = atan 
FRX 


a = 72.64 deg 


B = a+ 180 deg 


B = 252.6 deg 


Chapter 2 


Problem 2-35 


Three forces act on the bracket. Determine the magnitude and direction 0 of F, so that the 


resultant force is directed along the positive x' axis and has a magnitude of Fp. 


Units Used: 

kN = 10° N 

Given: 

Fr = 1kN 

F> = 450 N 

F3 = 200 N 

a = 45 deg “y 
B = 30 deg 

Solution: 


ay Fp,= SF Freos(f) = F3 + F2c0s(a) + Fj cos(+ £) 


sah Fy= SF; —Frsin(B) = Fosin(a) — F;sin(@+ £) 
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Fy cos(6 + ) — Frcos(f) -—F3 ~ Fycos(a) 


Fy sin(@+ B) = Fo sin( a) + Frsin(Z) 


: Fosin(a) + Frsin() 


0 = 37 deg 
Fi = (Frcos(f) —F3-F9) cos(a))* + (Fo sin(a) + Fpsin(p))* 


F, = 889 N 


Problem 2-36 


Determine the magnitude and direction, measured counterclockwise from the x axis, of the 
resultant force of the three forces acting on the bracket. 


Given: 

F, = 300 N 

Fp = 450 N 

F3 = 200 N 

a = 45 deg ‘. 
PB = 30 deg sot 
@ = 20 deg 

Solution: 


FRx = F1cos(0+ 8) +F3+Fcos(a) Fry = 711.03 N 


Fry = -F;sin(0 + 8) + F2sin(a) Fry = 88.38 N 
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2 2 
Fr= J FRx + Fry 
@ (angle from x axis) 
FR 
g= von =) 
FRx 


¢ (angle from x' axis) 


b= Bro 


Chapter 2 


Fr=717N 
go = 7.1deg 
¢@ = 37.1deg 


Problem 2-37 


Determine the magnitude of the resultant force and its direction, measured counterclockwise 


from the positive x axis. 


ai Fry = ZF; Fry = F1sin(@) + Fo 


| 2 2 
Fr =.,}/ Fry + Fry 


ey rs 
c 
Fry = 59 N 
2 2 
c +d 
FRy = 745 N 
2 
c +d 
Fp =747N 
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Chapter 2 


6 = 85.5 deg 


Problem 2-38 


Determine the magnitude of the resultant force and its direction, measured counterclockwise 
from the positive x axis. 


Units Used: 
kN = 10° N 
\ 
Given: 
F, = 30 kN 
F> = 26kN 
Fy 
0 = 30 deg 
c=5 
d= 12 
Solution: 
+ = ‘ 
—> Fry = 2F 3 Fry = -F1 sin( 6) os eee F9 FRx = —25kN 
fal ae 
_ d 
saa Eales Fry = -F1 cos(@) + 5 F2 Fry = —2kN 
c +d 
2 2 
FR = 4 Frx + FRy FR = 25.1kN 
FR 
ge vo =) ¢ = 4.5 deg 
FRx 
B = 180 deg+ ¢ B = 184.5 deg 
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Problem 2-39 


Determine the magnitude of the resultant force and its direction measured counterclockwise 
from the positive x axis. 


Given: y 
F, = 60 lb 
F> = 70 lb 
F3 = 50 Ib 
0, = 60 deg . 
02 = 45 deg 
c=1 I 
d=1 
Solution: 
03 = atan| — 
Cc 
FRx = —F1cos( 63) — F2sin(67) Fry = -1031b 
Fry = F1sin(@3) — F2c0s(07) - F3 Fry = —42.61b 
2 2 
Fe = Pp, + FRy FR = 111.5lb 
Fry 
8 = 180 deg + atan} —— @ = 202 deg 
FRx 


Problem 2-40 


Determine the magnitude of the resultant force Fp=F, + F, and its direction, measured 


counterclockwise from the positive x axis by summing the rectangular or x, y components 
of the forces to obtain the resultant force. 
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Given: y 
F, = 600 N 
F F 
F> = 800 N a 
"a , 
F3 = 450 N “eu f y, 
= ott = 1 x 
6, = 60 deg a y 
F; po A \ > 
02 = 45 deg y 
63 = 75 deg 
Solution: 
+ 
—> Fp,.= =F, FRx = F1cos( 62) - F2sin(7) FRx = 268.556 N 
a Fry = IF; Fry = F1sin(02) + F2co0s(67) Fry = 824,264 N 
Fr = FRx + Fry ae IN 
FR 
@ = 180 deg — atan Fry 0 = 108 deg 
|Frx| 


Problem 2-41 


Determine the magnitude and direction of the resultant Fp = F, + F, + F, of the three forces 
by summing the rectangular or x, y components of the forces to obtain the resultant force. 


Given: 
F, =30N 
Fo =20N 
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Solution: 


Fry = -F1 


Chapter 2 


Fry = 19.2 N 


Fry = -0.8 N 


Frp=19.2 N 


0 = 2.4deg 


Problem 2-42 


Determine the magnitude and orientation, measured counterclockwise from the positive y axis, of the 


resultant force acting on the bracket. 


Given: 


Fa = 700 N 
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Fp = 600 N 
Fp 
6 = 20 deg ' ~o fe 
@ = 30 deg ; 
Solution: 
Scalar Notation: Suming the force components algebraically, we have if 
/ 
Fp, = 2Fy Fry = Fasin(¢) ~ Fgcos( 6) 
Fry = —213.8 N 
Fy=2Fy, Fry = Facos(¢) + Fpsin(@) 
Fry = 811.4N 


The magnitude of the resultant force F'p is 


Fr= LBB + Fry” 


Fp = 839 N 


The directional angle @measured counterclockwise 
from the positive x axis is 


Problem 2-43 


Determine the magnitude and direction, measured counterclockwise from the positive x' 
axis, of the resultant force of the three forces acting on the bracket. 


Given: 


F, = 300N 
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a) 


Il 
N 
S 
) 
Z 


esl 
Qo 

ll 
_ 
lee) 
oO 
Z 


Di — 


Solution: 


+ d 

—> FR= =F Fry = Fy sin(6, + 0) - aS" Fpx = 115.8 N 
Pao 
c +d 


a Fp, = 3Fy; Fry = F1cos(0) + 0) +Fo+ Fry = 371.8 N 


( 
F c + 5 
Fr = Fre +Fry” Fae seo N 


g = atan}| —— @ = 72.7 deg 
FRx 
y = @—(90 deg — 67) y = 42.7 deg 


Problem 2-44 


Determine the x and y components of F, and F,. 
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Given: 

F, = 200 N 
F > = 150 N 
0 = 45 deg 


@ = 30 deg 


Solution: 


— 
~< 
I 
a 
x. 
D5 
— 
Lj 


1 
i 
< 
| 
ty 
— 
a 
jo) 
n 
— 
Lj 


Problem 2-45 


Determine the magnitude of the resultant force and its direction, measured counterclockwise 
from the positive x axis. 


Given: y ) 
F, = 200N 
Fp = 150 N 
0 = 45 deg 


@ = 30 deg 
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Solution: 
> Fy=5Fy Fry = F1sin(6) — Fycos(¢) 


a Fry= 2Fy, Fry = Fy cos( 8) + Fysin(¢) 


F = {Fry + Fry 


Chapter 2 


Fry = 11.5 N 


Fry = 216.4 N 


F=217N 


B = 87deg 


Problem 2-46 


Determine the x and y components of each force acting on the gusset plate of the bridge truss. 


Given: 

Fy, = 200 lb c=3 
Fo = 400 lb d=4 
F3 = 300 lb e=3 


Fy =300lb f=4 


Solution: 
Bigs Ty 
Fy, = —2001b ' 
Fyy = 0 1b 
2G Pe Ts] 
c +d 

Fy = 3201b 
Pay = “*( | 

c +d 
Foy = —2401b 


e 
F3x = F3| ———= 
E e+ ;| 
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F3, = 1801b 
f 

F3y = F3 

oe 

e+f 
F3y = 2401b 
Fax = —F4 
F4y = -3001b 
eae Ib 


Chapter 2 


Problem 2-47 


Determine the magnitude of the resultant force and its direction measured clockwise from 
the positive x axis. 
Units Used: 


kN = 10° N 


f=4 
Solution: 
+ d 
—> Fp = =F Fry = F3 a_i + Fo} — — F, cos(@) 
e +f c +d 


Fp = 58.28kN 


52 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 


This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 2 


a ee Tc a 
Fry = -15.6kN 
F = J Fry + Fry” 
F = 60.3kN 
FR 
0 = atan [Fry 
FRx 
0 = 15deg 


Problem 2-48 


Three forces act on the bracket. Determine the magnitude and direction @of F,so that the 
resultant force is directed along the positive x' axis and has magnitude Fp. 


Given: 


Solution: 
Initial Guesses: Fz = 100 N # = 10 deg 
Given 


> FR==F,  Frsin(6;) = Fy sin( + 6) -| ———|Pz 
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rT Fy =2k} Fp(cos( 01) = Fy cos( 0; + 6) + Fo+ a F3 


"| = Find(F 1, 6) 


F, = 869 N 6 = 21.3deg 


Problem 2-49 


Determine the magnitude and direction, measured counterclockwise from the positive x' 
axis, of the resultant force acting on the bracket. 


Given: 

Fz = 300 N 

F2 = 200 N 

F3 = 180 N 

9; = 60 deg Fr. 


# = 10 deg 


Solution: 


Guesses Fry = 100 N Fry = 100 N 
Given 


+ d 
— Fp,= Fy FRx = F;sin(0 + 0) - ca F3 
c +d 


cal Fp, = 2Fy; Fry = F1cos(0) + 6) + Fo + 


(F3) 


Cc 
V e + a 
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tics 


FRx 
) = Find(FRx, Fry) 


Fr= J Fre + Fry” 


FR 
@ = atan ee 
FRx 


& =[¢-(90 deg - 4;)| 


Chapter 2 


FRx 115.8 
= N 
Fry 371.8 


FR = 389 N 
¢ = 72.7 deg 
¢' = 42.7 deg 


Problem 2-50 


Express each of the three forces acting on the column in Cartesian vector form and compute 
the magnitude of the resultant force. 


Given: 

F, = 150 |b 0 = 60 deg 
F 9 = 275 lb c=4 

F3 = 75 |b d=3 
Solution: 


Find the components of each force. 


ea 


" Fix 
lv = 


d 
Pi | ———— 


Fe, 2 
1y = Fj} ——— 
2 y D 

c +d 


) 
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Now find the magnitude of the resultant force. 


FR = |Fiy+ Foy + F3y FR = 462.9 lb 


Problem 2-51 


Determine the magnitude of force F so that the resultant Fp of the three forces is as small 
as possible. What is the minimum magnitude of Fp? 


Units Used: \ 
kN = 1000 N f 
j 
Given: 
—A 
F, =5 kN 
x | 
Fo = 4kN | 
IP pais na | 
oy | 
0 = 30 deg , \ 
| Pron WY 
I 
Solution: 


V 
Scalar Notation: Suming the force components 
algebrically, we have 


+ 


wit? pa eire ie neeu(a) 


il Bg hE ys Fry = Fcos(0) — Fp 


The magnitude of the resultant force Fp is 


Fr =, FRx + Fry” = (Fi -Fsin(6))° + (Fcos(6) - Fz)" 
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Fro = Fi- 48s 4° = FF; inl 6) 2F Food 6) 


dFR 
2FR—— = 2F - 2F sin( 0) — 2F 2 cos( 8) 


dFR 
If F is a minimum, then TF =0 F = Fy sin( 6) + F9 cos(@) F = 5.96kN 


Fp = J (F1 - Fsin(6))° + (Foos(6) — Fo)" FR = 2.3kN 


Problem 2-52 


Express each of the three forces acting on the bracket in Cartesian vector form with respect 
to the x and y axes. Determine the magnitude and direction @of F, so that the resultant force 


is directed along the positive x axis and has magnitude Fe 


Units Used: y 


kN = 1000 N 
Given: 


Fr = 600 N 


F> = 350N 


F3 = 100N 


¢ = 30 deg 


Solution: 


Fo 0 
Foy = Foy = 
0 Vv | -F3 
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The initial guesses: Fy; =20N @= 10 deg 

Given 

Fy cos(6) Frcos(¢) 

+ Foy + Fay = 

Fy sin( 0) ae FR sin( ¢) 

Fy 
= Find(F7, 0) F,=4345N 6=67deg 

0 


Problem 2-53 


The three concurrent forces acting on the post produce a resultant force Fp= 0. If F, = (1/2)F,, 
and F, is to be 90° from F,, as shown, determine the required magnitude F, expressed in terms 
of F, and the angle @ 


Solution: Use the primed coordiates. 


XFR=0  F3cos(@—90 deg) — Fy =0 


XFpy=0 —F3sin(@—90 deg) + F2 = 0 


apenas 228 
7 ye 22 


1 
0 = 90 deg + xan >) 


0 = 117deg 


bb rene +o 


1 
cos( 6 - 90 deg) 


y 
koala F3=kF, \ , 


k= 


cs T.” 
a 3 
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Problem 2-54 


Three forces act on the bracket. Determine the magnitude and orientation @ of F, so that the 
resultant force is directed along the positive u axis and has magnitude Fp. 


Given: 

Fr = 50 lb 

Fz = 80 |b 

F3 = 52 |b ’ 

@ = 25 deg 

c=12 

d=5 
Solution: - 

i 

Guesses 


Fo =11b @= 120 deg 
Given 


d 
Frcos(¢) = Fy + Fy cos(¢+ 6) + | —— |F3 


+d 
ape git g) = rosin gO) | —— — |B 
2 2 
ed 
F2 
= Find(F2, 6) Fp = 88.11b 0 = 103.3 deg 
0 
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Problem 2-55 


Determine the magnitude and orientation, measured clockwise from the positive x axis, of 
the resultant force of the three forces acting on the bracket. 


Given: 

F, = 80 lb 

F> = 150 lb y 

F3 = 52lb 

0 = 55 deg 

@ = 25 deg 

c=12m 

d=5m 

“" 
Solution: 
d 
FRx = F1 + F3| ———— | + Fc0s(6+ ¢) Fx = 126.05 lb 
V eo + ¢ 
Cc 
Fry = F3 ~ Fsin(+ ¢) Fry = -99.71b 


Fr = Fry + Fry a= ibs 
ree 
f = atan| ——— 6 = 38.3 deg 
|FRx| 


Problem 2-56 


Three forces act on the ring. Determine the range of values for the magnitude of P so that the 
magnitude of the resultant force does not exceed F’. Force P is always directed to the right. 
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Units Used: 
kN = 10° N 
Given: F 
F = 2500 N 
F, = 1500 N Fy 
\ 
oO 
BH Pd 
Fp = 600 N Ps 
A. 
— x 
61 = 60 deg = 
09 = 45 deg ry OW" 
Solution: 
Initial Guesses: Fry = 100 N Fry = 100N P=100N 
Given 
+ 
— Fp, = XF, Fry = P + F2c08( 0) + Fy cos( 0 + 4) 
lh Fry = ZF; Fry = Fpsin(2) + F;sin( 0; + 4) 
io 2 
F=,FRx +FRy 
FRx 
Fry | = Find(FRx,Fpy.P) Pmax = 1.6kN 
Pmax 
Initial Guesses: Fr, = -100 N Fry = 100 N P = 2000 N 
Given 
+ 
— Fp, = XF,; FRx = P + F2c08( 02) + Fy cos( 0 + 4) 
sh Fry = ZF; Fry = Fpsin(2) + F;sin( 0; + 4) 
F =] Fry + Fry 
FRx 
Fry | = Find(Frx.FRy.P) Pmin = -1.7 kN 
Pmin 
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Since P>0O we conclude that 0 <= P <= Pmax = 1.6kN 


Problem 2-57 


Determine the magnitude and coordinate direction angles of F, and F,. Sketch each force 
on an x, y, z reference. 


Given: 
60 
F, =| -50/N 
40 
\ 
—A0 
Fy =| -85 | N 
30 
Solution: 
|F1| = 87.7 N 
cal 
Fy t 1 My 
£1 | = acos| —— , 
Fy m 
11 
_ —_ 

a] 46.9 st. 
B, | =| 124.7 | deg ss 
11 62.9 
|F2| = 98.6 N 
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a2 

F 
$2 | = acos| —— 

[F2| 
v2 ' 

} 

a2 113.9 ‘ 
B2 | =| 149.5 | deg ra 
2 Hoag 4 


Problem 2-58 
Express each force in Cartesian vector form. 
Units Used: 


kN = 10° N 


Given: 


Fp = 5kN ya 
Fp = 2kN és 
0, = 60 deg ri is 


SZ 
02 = 60 deg 
63 = 45 deg 
Solution: 
cos) 76 
Fyy = F1| cos(63) Fyy =| 3.5 |kN 
cos( 0) 2.5 
0 0 
Foy = Fo} -1 Foy =| -2 |kN 
0 0 
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Problem 2-59 


Determine the magnitude and coordinate direction angles of the force F acting on the stake. 


Given: 
Fy, = 40 N 
? = 70 deg 
c=3 
d=4 
Solution: 
PEF c + a Es 
ae 
F=50N 
Cc 
Fy = Fpcos(6) Fy = Fpsin(@) F, = F 
Cc +d 
Fy = 13.7 N Fy = 37.6 N Fz = 30N 
Fy Fy F 
a@ = acos} — £ = acos = y = acos}| — 
a = 74.1 deg B = 41.3 deg y = 53.1deg 


Problem 2-60 


Express each force in Cartesian vector form. 
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Given: 
F, = 400 lb 
F> = 600 lb 
0; = 45 deg 
07 = 60 deg 
03 = 60 deg 
04 = 45 deg 
05 = 30 deg 
» 
Solution: 
—cos( 42) ~200 
Fyy = Fj| cos(63) Fiy=| 200 |Ib 
cos( 05) cos( 64) 367.4 
Foy = Fo] cos( 6s) sin( 64) Foy = | 367.4 | Ib 


Chapter 2 


Problem 2-61 


The stock S mounted on the lathe is subjected to a 
force F, which is caused by the die D. Determine the 
coordinate direction angle # and express the force as 
a Cartesian vector. 


Given: 

F =60N 
a = 60 deg 
y = 30 deg 
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Solution: 


cos-(a) + cos-(f) + cos-(y) = 


B= re - cos(@)* - cos(7)2) 6 = 90deg 


~cos(a) —30 
Fy = FI -cos(f) Fy=| 0 |N 
-cos(,) -32 


Problem 2-62 


Determine the magnitude and coordinate direction angles of the resultant force. 


Given: 7 
F, = 80 lb 
F > = 130 lb 
8 = 40 deg 
@ = 30 deg 
Solution: “” 
cos(¢) cos( 6) 53.1 
Fyy = Fj] -cos(¢)sin(9) Fy =| ~44.5 {Ib 
sin( ¢) 40 
0 0 
Fo, = Fo| 0 Foy = 0 |lb 
-1 —130 
Fr = Fiyt+ Foy |FR| = 113.61b 
a a 62.1 
FR 
B | = acos B | =| 113.1 | deg 
IFR 
y y 142.4 
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Problem 2-63 


Specify the coordinate direction angles of F, and F, and express each force as a cartesian 
vector. 


Given: 
F, = 80 lb 
F> = 130 lb 
@ = 30 deg 
8 = 40 deg 
Solution: 
cos(¢) cos( 6) 53.1 
Fiy = F1| -cos(¢) sin(6) Fiy =| -44.5 |b 
sin(¢) 40 
G1 eal 48.4 
Fiy 
£1 | = acos| —— fi | =| 123.8 | deg 
By 
11 11 60 
0 0 
Foy = Fo| 0 Foy = O {lb 
—1 —130 
a2 a2 90 
Foy 
£2 | = acos| — B2 |=} 90 | deg 
say, 
y2 72 180 


Problem 2-64 


The mast is subjected to the three forces shown. Determine the coordinate angles a, £,, 7; 


of F, so that the resultant force acting on the mast is Fpl. 
Given: 


FR = 350 N 
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F,; = 500N 
F> = 200N 
F3 = 300N 
Solution: rr 


Guesses a = 20 deg 


B = 20 deg 
y = 20 deg 
cos(a) 0 0 1 
Given F {| cos(B) |+Fo| 0 | +F3| -1 | = FR| 0 
cos(y) =1 0 0 
a a 45.6 
B | = Find(a,f,7) B | =| 53.1 | deg 
y y 66.4 


Problem 2-65 


The mast is subjected to the three forces shown. Determine the coordinate angles a, £,, 7; 
of F, so that the resultant force acting on the mast is zero. 


Given: 


F, = 500N 
F> = 200N 


F3 = 300N 


Solution: 


Guesses a = 20 deg 
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cos(a) 0 0 
Given Fy cos(f) + Fo) 0 |+F3} -1]=0 
cos(y) = 0 
a a 90 
B | = Find(a,Z,7) B\ =| 53.1 |deg 
y y) \664 


Chapter 2 


Problem 2-66 


The shaft S exerts three force 
components on the die D. Find the 
magnitude and direction of the resultant 
force. Force F, acts within the octant 


shown. = 
Given: 
F, = 400 N ; 
Fp = 300 N . of 
F3 = 200 N 
a2 = 60 deg 
v2 = 60 deg 
d=4 
Solution: 


cos( a2)" + cos( Bo)" + cos(y2)" =1 


Solving for the positive root, 


f2 = rl 1- cos( az)” = op Bo = 45deg 
Fy cos( az) 0 
F3 
Fiy =| 0 Foy = F2 cos(f2) F3y = 5 —d 
0 cos(73) c+d\ o¢ 
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Chapter 2 
FR = Fly + Foy + F3y |FR| = 615 N 
a a 26.6 
FR 
B | = acos B | =| 85.1 | deg 
|FR| 


Problem 2-67 


The beam is subjected to the two forces shown. Express each force in Cartesian vector form 
and determine the magnitude and coordinate direction angles of the resultant force. 


Given: z 
F; = 630 lb a@ = 60 deg 


F> = 250 lb B = 135 deg 


c = 24 y = 60 deg 
d=7 
Solution: 
0 
Fy] 
Fi = ———| d Fiy =| 176.4 |Ib 
2 2 
Vo +d \_¢ -604.8 
cos(a@) 125 
Foy = Fo cos(£) Foy =| -176.8 |Ib 
cos(7) 125 
FR = Fiy + Foy |Fr| = 495.8 lb 
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aR aR 75.4 


ie es Rebels 


Problem 2-68 
Determine the magnitude and coordinate direction angles of the resultant force. 
Given: 

Fy, = 350 N a = 60 deg 


F> = 250N B = 60 deg 


c=3 y = 45 deg 
d=4 0 = 30 deg 
Solution: 
cos(a) 175 
Fyy = F1| cos(f) Fiyy=| 175 |N 
~cos(y) —247.5 
d Cc 
al pre 9 MM a ra 
c +d c +d 
Fy cos( 6) 173.2 
Foy =| —Fopsin(6) Foy =| -100 | N 
Fy 150 
FR = Fyy + Foy |Fr| = 369.3 N 
GR OR 19.5 
FR 
BR | = acos IF | PR | =| 78.3 |deg 
R 
is oe 105.3 


Problem 2-69 
Determine the magnitude and coordinate direction angles of F, so that the resultant of the three 
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forces acts along the positive y axis and has magnitude F. 


Given: 

F = 600 lb 

F 1 = 180 lb 

F> = 300 lb 

ay = 30 deg 

az = 40 deg my 
Solution: — 


Initial guesses: 


a = 40 deg y = 50 deg 


B = 50 deg F3 = 45 lb 


Given 
Fp, = XF, O0=-F z+ Fcos(@7)sin(az) + F3 cos(a) 
Fy 2F); F=Fp cos(a@1) cos( a) + F93 cos() 


Fp, = XF;; 0= -F2sin( a7) + F3 cos(y) 


ee + cos(f)* + cos(y)* =] 


F3 
a 88.3 
= Find(F3, a, 8,7) F3 = 4281b B\=| 20.6 |deg 
y 69.5 
y 


Problem 2-70 


Determine the magnitude and coordinate direction angles of F, so that the resultant of the three 
forces is zero. 
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Given: 
F, = 180 lb 
Fo = 300 lb 
Solution: 


Initial guesses: 


ay = 30 deg F, 


az = 40 deg 


a=40deg y =50 deg 


B=50deg F3 = 45 lb 


Given x" 
Fp, = 2F,; 0 =-F,+Fo cos(@7) sin(az) + F3 cos(a) 
Epa ee, 0= Fcos(a@7) cos( az) + F3 cos() 
Fp, =2F,; 0= Fp sin( a7) + F3c0s(y) 
cos( a)" + cos(f)* + cos(y)* =1 
F3 
a 87.0 
= Find(F3, a, 8,7) F3 = 2501b B | =| 142.9 |deg 
B y 53.1 
Y 


Problem 2-71 


Specify the magnitude F’, and directions @3, 4, and 
73 of F, so that the resultant force of the three forces 


is Fp. 

Units Used: 
kN = 10° N 

Given: 
F, = 12kN 
F> = 10 kN 
0 = 30 deg 
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0 
FR =|91|kN 
0 
Solution: 
Initial Guesses: F3, = 1 kN F3y = 1kN  F3z = 1 kN 
F3x 0 —d 
Fp 
Given FR =| F3y |+ Fy cos(@) + ——] 0 
9 
F3, ~sin( 0) c+d\¢ 
F3x F3x 9.2 
F3y | = Find(F3x, Fy, F3z) F3 =| Fay F3=|-1.4|kN  |F3| = 9.6kN 
F3z F3, 2.2 
a3 a3 15.5 
F3 
$3 | = acos | | B3 98.4 | deg 
3 
v3 ¥3 oa 


Problem 2-72 > 


The pole is subjected to the force F, which has 
components acting along the x,y,z axes as 
shown. Given f and y, determine the magnitude 
of the three components of F. 


Units Used: 


kN = 1000 N 


Given: 
F =3kN 


B 


y = 75 deg 


30 deg 


Solution: 
cos( a)" + cos(f)* + cos(y)* =1 
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a= mat -cos()" = cos(y)* + i} 
a = 64.67 deg 


Fy = Fcos(a) Fy = F cos(f) F, = Fcos(y) 


Fy = 1.28kN Fy = 2.60kN F, = 0.8kN 


Problem 2-73 


The pole is subjected to the force F which has components F, and F,. Determine the 
magnitudes of F and F,. 


Units Used: | 
kN = 1000 N Le 
Given: 
Fy = 1.5 kN 
F, = 1.25 kN 
B = 75 deg 
Solution: pe | 


esta) + cos(g)* + cos(y)* =1 


(8 


F = 2.02kN 


Fy = Fcos() Fy = 0.5kN 


Problem 2-74 


The eye bolt is subjected to the cable force F which has a component F, along the x axis, a 
component F, along the z axis, and a coordinate direction angle £. Determine the magnitude of F. 
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Given: 
Fy, = 60N 
F, = -80 N 
B = 80 deg 
Solution: 
F 
By cos(f) / 


x” 
ee eee | 
Fy = [Fx + Fz + Fy cos(f) F, 


F=102N 


Problem 2-75 


Three forces act on the hook. If the resultant force Fp has a magnitude and direction as 


shown, determine the magnitude and the coordinate direction angles of force F3. 


Given: i 

Fr = 120N 

F, = 80N 

F> = 110 N 

c=3 

d=4 

0 = 30 deg 

@ = 45 deg 
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Solution: 
d 64 
Fy 
Fiy = | ———|] 0 Fiy=| 0 | N 
2 2 
c +d Cc 48 
0 0 
Fo, = Fo} 0 Foy = 0 N 
=] —110 
cos(¢) sin( 6) 42.4 
Fry = FR cos(¢) cos( 6) Fry =| 73.5 | N 
sin( ¢) 84.9 
—21.6 
F3y = Fry - Fiy - Foy F3y =| 73.5 | N |F3y| = 165.6 N 
146.9 
a a 97.5 
F3y 
B | = acos| ——— B | =| 63.7 | deg 
|F3y 
y y) \Q75 


Problem 2-76 


Determine the coordinate direction angles of F, and Fp. 


Given: i 

Fr = 120 N 
F; = 80N 
Fo = 110 N 
c=3 

d=4 

0 = 30 deg 
@ = 45 deg 
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Solution: 
d 64 
Fy 
Fy, = | ———]| 0 Fiy=| 0 /N 
2 2 
c +d Cc 48 
a] a] 36.9 
Fiy 
£1 | = acos | | £1 |=| 90 |deg 
lv 
11 11 53.1 
cos(¢) sin( 6) 42.4 
Fry = Fp cos(¢)cos(0) Fry =| 73.5 | N 
sin( ¢) 84.9 
aR aR 69.3 
FR 
BR | = acos aa PR | =| 52.2 | deg 
Frv| 45 
YR YR 


Problem 2-77 


The pole is subjected to the force F, which has components acting along the x, y, z axes as 
shown. Given the magnitude of F and the angles @ and y, determine the magnitudes of the 
components of F. 


Given: 


F=80N a@=60deg y = 45 deg 


Solution: 


B= seaale 1- gestae) = cos(7)) 


B = 120deg 
Fy = |F cos(a)| Fy = |F cos(A)| “ F, = |F cos(y)| 
Fy, =40N ya F, = 56.6N 
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Problem 2-78 


Two forces F, and F, act on the bolt. If the resultant force Fp has magnitude F’p and 
coordinate direction angles @ and f, as shown, determine the magnitude of F, and its 
coordinate direction angles. 


Given: 

Fz = 20 |b 

Fr = 50 lb 

a = 110 deg . 
_* 

B = 80 deg a 

Solution: 


mate) + cos(B)° + abs(y\ =1 


y= fecal 1- ele) = cos()?} y = 157.44 deg 


Initial Guesses Fo, =1lb Foay=11lb Fz, =11b 


cos(a) 0 Fx Fx 
Given FR\ cos(f) | = Fi] 0 | +| F2y Foy | = Find(F2x, F2y,F2z) 
cos(7) 1 F, Fy, 
F2x -17.1 
Fp =| Foy Fo =| 87 |Ib |F2| = 32.41b 
Fo, ~26.2 
a 2 121.8 
F2 
B2 = seal f2 |=] 74.5 |deg 
yD yo 143.8 


Problem 2-79 


Given r,, r,, and r,, determine the magnitude and direction of r = 2ry — rg + 3r3. 
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Given: 
3 4 3 
ry =| -4/m r=| 0/m r3 =| -2/}m 
3 —5 5 
Solution: 


r= 2ry -—12 + 3r3 


11 
r=|-14|/m |r| = 31.5 m 
26 
a a 69.6 
B = aco #5) B | =| 116.4 | deg 
y Ht y 34.4 


Problem 2-80 


Represent the position vector r acting from point A(a, b, c) to point B(d, e, f) in Cartesian vector 
form. Determine its coordinate direction angles and find the distance between points A and B. 


Given: 
a=3m 
b=5m 
c=6m 
d=5m 
e=-2m 
f=1m 
Solution: 
d-a 2 
r=|e-b r=|-7|}m |r| = 8.8 m 
—C —5 
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d-a 
a= sos) a = 76.9 deg 
r 
B= sos( *) B = 142deg 
r 
r 


Problem 2-81 


A position vector extends from the origin to point A(a, b, c). Determine the angles a, £, ywhich 
the tail of the vector makes with the x, y, z axes, respectively. 


Given: 


Solution: 
a 2 
(ol 6 
a a 73.4 
r 
B = acos{ B | =| 64.6 | deg 
r 
y y 31.0 


Problem 2-82 


Express the position vector r in Cartesian vector form; then determine its magnitude and 
coordinate direction angles. 


Given: 


a=4m 
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b=8m 
c=3m 
- ly - 
d=4m 
i "e 
il : 
Solution: gt Z —~ 
—C -3 — : 
r=|-d-b r=|-12|m |r| = 13 m , ) , 
a 4 
a a 103.3 
r 
B\= sos B | =| 157.4 | deg 
r 
y y 72.1 


Problem 2-83 


Express the position vector r in Cartesian vector form; then determine its magnitude and coordinate 
direction angles. 


Given: 
a= 8ft r a i 
+ . 
b=2ft fi | 
r i 
= 5 ft J 7 J . 
Cc Lh Se y 
6 = 30 deg wy Xo 
/ oN 
@ = 20 deg 4 \/ 
A 
Solution: 
-c cos(¢) sin( 6) 315) 
r =| a—ccos(¢)cos(6) r=| 3.93 |ft |r] = 5.89 ft 
b+ csin(¢) 3.71 
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a a 113.5 
B\= sco £5) B\= 48.2 |deg 
r 


Problem 2-84 


Determine the length of the connecting rod AB by first formulating a Cartesian position vector 
from A to B and then determining its magnitude. 


Given: 4 
b = 16 in 
a=5in a 


a = 30 deg 


Solution: 
asin(a) +b 18.5 

r= r= in |r| = 19in 
—a cos(a) —4.3 


Problem 2-85 


Determine the length of member Re 
AB of the truss by first 

establishing a Cartesian position 
vector from A to B and then 
determining its magnitude. 


Given: 
a=12m 
b =0.8m 
c =0.3m 
d=1.5m 
0 = 40 deg 
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Solution: 


Problem 2- 86 


The positions of point A on the building and point B on the antenna have been measured relative 
to the electronic distance meter (EDM) at O. Determine the distance between A and B. Hint: 
Formulate a position vector directed from A to B; then determine its magnitude. 


RB 


Given: 
a = 460m 
b = 653 m 
a = 60 deg 
B = 55 deg 
0 = 30 deg x 


¢@ = 40 deg fp 


Solution: EZ 


—a cos(¢) sin( 6) 
YrOA =| a cos(¢) cos( 8) 
asin(¢) 


—b cos() sin(a) 
YOB = ~bcos(f) cos(a) 
bsin() 
—148.2 
rAB = TOB-TOA rAB =| —492.4 | m [rap = 567.2 m 
239.2 


Problem 2-87 


Determine the lengths of cords ACB and CO. The knot at C is located midway between A and B. 
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Solution: & 4 


—a a X 


TAB 
TAC = >) 


[rap = 7.8 ft 
roc = roA t+ rac 


[roc] = 3.91 ft 


Problem 2-88 


Determine the length of the crankshaft AB by first formulating a Cartesian position vector from 


A to B and then determining its magnitude. 
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y 


Given: 
a = 400 
b = 125 


0 = 25 deg 


Solution: 


a+ bsin(@) 
TAB = —-(bcos(6)) mm [rap = 467mm 
0 


Problem 2-89 


Determine the length of wires AD, BD, and CD. The ring at D is midway between A and B. 


Given: z 
a=05m 
b=15m 
c=2m 
d=2m 
e=0.5m 
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Solution: 
=C 
2 
-1 
d 
TAD = a TAD = 1 m [ran] =15m 
—0.5 
e b 
2 2 TBD = -FAD 
= 15 
: [*Bp| m 
2 
1 
d 
cD = . rcp =| 1|m ["co| =17m 
1 
BD ~ 
a+—-— 
2. 2 


Problem 2-90 

Express force F as a Cartesian vector; then determine its coordinate direction angles. 
Given: 

F = 600 lb c=3ft 


a=1.5 ft @ = 60 deg 


b= 5 ft 
A 
, 0 
F a 
Solution: y a , , 
r= bi+ (a+ csin(¢))j + (0 — ccos(¢))k , 4 b 
2 wine 2 /\ 
r=yb + (a + csin()) + (ccos(¢)) y. . # 
; 7 8 
r=2m 7 ; 
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iar? -- (essa) f= f coal] 


r r 
d = 4521b e = 370\b f = -136lb 


F =(di+ej + fk) Ib 


d 
a= scos{ 4) a = 41.1 deg 
F 
e 
B= scos{ =] Bf = 51.9 deg 
7 f % 
y = acos 2 y = 103 deg 


Problem 2-91 


Express force F as a Cartesian vector; then 
determine its coordinate direction angles. 


Given: 
\ = 
a =1.5 ft Mat 
f a 
b = 5 ft ~ 7 Fra \ 
c=3ft h 
0 = 60 deg 
Ae ~~ 
F = 600 lb . = 
Solution: 
b 452 
r =| a+csin(6) BS Fry Ee \ea70n ib 
r 
~ccos(8) —136 
a a 41.1 
F 
B\= aco B\=| 51.9 |deg 
v y 103.1 
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Problem 2-92 


Determine the magnitude and coordinate direction angles of the resultant force acting at point A. 


Given: 
Fy, = 150 N 
au 
\ r 7 - 
F> = 200 N ' 
Fy 
a=15m f } 
b=4m 
aan P y a 
ye P 
d = 2 m ( Fo vy 
rc “4 4 J 
e=3m od oY 
6 = 60 deg 4 
Solution: 
Define the position vectors and then the forces 
ecos( 6) 38 
TAB 
TAB =| a+ esin(0) Fy, = Fi Teal Fyy =| 103.8 | N 
AB 
—b —101.4 
Cc 119.4 
TAC 
rac =| a-d Foy = i lexel Fo, =| -19.9 | N 
—b oe -159.2 
Add the forces and find the magnitude of the resultant 
157.4 
Fr = Fiyt+ Foy Fr=| 839 |N |FR| = 316 N 
—260.6 
Find the direction cosine angles 
a F a 60.1 
R 
B\= nn | B\=| 74.6 |deg 
R 
y y 145.6 
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Problem 2-93 < 


The plate is suspended using the three 
cables which exert the forces shown. 
Express each force as a Cartesian vector. 


Given: 
Fpa = 350 Ib 
Foca = 500 lb 
Fpa = 400 Ib 
a = 3 ft 
b=3 ft 
c= 6ft 
d= 14 ft 
e=3ft 1 
f=3 ft . 
g =2 ft 
Solution: 
Seg —109.2 
rBA =| a+b FRAy = Fas FRAy =| 131 [Ib 
d 305.7 
f 102.5 
rca =|b FcAy = Fare] Fcay =| 102.5 | Ib 
d 478.5 
~g —52.1 
rpa = | -c FpAy = Poa] Fpay = | —156.2 | Ib 
d 364.5 
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Problem 2-94 


The engine of the lightweight plane 
is supported by struts that are 
connected to the space truss that 
makes up the structure of the 
plane. The anticipated loading in 
two of the struts is shown. 

Express each of these forces as a 
Cartesian vector. 


Given: 
Fz = 400 lb Ze 
F2 = 600 Ib Y* 
a = 0.5 ft 
b = 0.5 ft 
c = 3.0 ft 
d = 2.0 ft 
e = 0.5 ft 
f = 3.0 ft 
Solution: 
Cc 389.3 
TCD 
rcp =| -b Fiy = Alpes! Fyy =| —64.9 | Ib 
CD 
da 64.9 
—c —584.0 
TAB 
rAB =| Db Foy = rel Foy =| 97.3 |Ib 
—e ne —97.3 


Problem 2-95 


The window is held open by cable AB. Determine the length of the cable and express the force 
F acting at A along the cable as a Cartesian vector. 
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Given: 


a = 300 mm 


b = 500 mm 


c = 150 mm 


d = 250 mm 
0 = 30 deg 
F =30N 
Solution: 
—a cos( 6) 
YAB = c-—b [raB| = 591.6mm 
d+a sin( 6) 
—13.2 
TAB 
Fy = F-— Fy =| -17.7| N 
AB 203 


Chapter 2 


Problem 2-96 


The force acting on the man, caused by his pulling on the anchor cord, is F. If the length of 
the cord is L, determine the coordinates A(x, y, z) of the anchor. 
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Given: 
40 
F =] 20 |N 
—50 
~L=25m 
Solution: 
F 
r=L-—; 
[F| 
14.9 
i 7.5 m 
-18.6 


Chapter 2 


Problem 2-97 


Express each of the forces in Cartesian vector form and determine the magnitude and coordinate 


direction angles of the resultant force. 


Given: 


F, = 80 lb c= 4ft 
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F> = 50 Ib d = 2.5 ft 


a=6ft e= 12 ‘ 
, 
b = 2 ft f=5 
Ve r he 
‘ { A. 
oy - 
~~ f 
A 
au 
a 
Yb 
*R ‘ 
Solution: 
—d 
—26.2 
—c TAC 
e 7 62.9 
6.1 
TAB 
raB = | -c Fo, = Fo Raal Foy =| -12.1 | kg 
—a ab —18.2 
—12.8 
FR = Fiy+ Foy FR =| -68.7 |Ib |FR| = 73.51b 
22.8 
a a lee 
FR 
B | = acos B\=| 2.8 
|FR| 
y y 1.3 


Problem 2-98 


The cable attached to the tractor at B exerts force F on the framework. Express this force as a 
Cartesian vector 
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Given: 

F = 350 lb ——— 

a=35ft <p 

b = 50 ft 

0 = 20 deg 

\ 
ta 
iG 

Solution: we 


Find the position vector and then the force 


bsin( 0) 98.1 
TAB 
raB = | bcos(6) Fy = Teal Fy =| 269.4 |Ib 
-a oe ~200.7 


Problem 2-99 


The cable OA exerts force F on point O. If the length of the cable is L, what are the coordinates 
(x, y, Z) of point A? 


Given: 
Via, Wo) 
40 Pw 
F =|60|N /, 
70 Sf, 
L=3m E 
a. 
Solution: far 
F 
r= L— : 
|F| 
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1.2 
r=/18]m 


all 


Problem 2-100 


Determine the position (x, y, 0) for fixing cable BA so that the resultant of the forces exerted on the 
pole is directed along its axis, from B toward O, and has magnitude Fp. Also, what is the magnitude 


of force F,? 


Given: 
F, = 500 N 
F> = 400 N 
Fr = 1000 N 
a=1im 5 
b=2m 
c=2m 2 
d=3m 
Xx 
Solution: 


Initial Guesses 
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Problem 2-101 


The cord exerts a force F on the hook. If the cord is length L, determine the location x, y of the 
point of attachment B, and the height z of the hook. 


Given: 


Solution: 


Initial guesses x=1f y=1f z=1ft 


x-a x x 7.65 
F 
Given y |=L TF] y | = Find(x, y,z) y|=| 4.24 | ft 
-Z Z Z 3.76 


Problem 2-102 


The cord exerts a force of magnitude F on the hook. If the cord length L, the distance z, and the 
x component of the force, F’,, are given, determine the location x, y of the point of attachment B 


of the cord to the ground. 


Given: 
F = 30 lb 
L = 8 ft 
z=4ft 
Fy = 25 lb 
a=2ft 

Solution: 

Guesses 
x=1ft 
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—a 
r= (5 Jr Gea ey ee 


*) See (*) 7 G4: 
y = ey) y ~ (1.89 


Chapter 2 


Problem 2-103 


Each of the four forces acting at E has magnitude F’. Express each force as a Cartesian vector 
and determine the resultant force. 


Units used: = 


kN = 10° N 


Given: 


Solution: 


Find the position vectors and 
then the forces 


b 12 
TEA 
YEA = | -a FRA = lel Fra =| —-8 |kN 
r 
—C ae —24 
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rEB 
YER =| a FEB = Teel FreR=| 8 
EB 


lrec| 


—c —24 
—b —12 
TED 
rEp = | -a Frp - F Fep =| —-8 |kN 


Irep| 


—b =il2 
TEC 
tEC =| a Frc =F Frc =| 8 |kN 


Find the resultant sum 


Fr = Fea + Fep+ Fec+ Fep FrR=| O |kN 


Problem 2-104 


The tower is held in place by three cables. If the force of each cable acting on the tower is 
shown, determine the magnitude and coordinate direction angles a, £, y of the resultant force. 


Units Used: 
kN = 10° N 

Given: 
xX = 20m a=16m 
y=15m b=18m 


F, =600N c=6m 
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Solution: 


Find the position vectors, then the force vectors 


a 282.4 
TDC 
rpc =| —-5b Fy, = F1 Tepe. Fyy =| -317.6 | N 
—e me —423.5 
x 230.8 
TDA 
IpA =| Y Fo, = Fo Teal Fo, =| 173.1 | N 
—e Pa —277 
—C -191.5 
TDB 
rpp =| d F3, = F3 E | F3, =| 127.7 | N 
—e ne —766.2 


Find the resultant, magnitude, and direction angles 


0.322 
FR = Fiy + Foy + F3y FR =| -0.017 |kN |FR| = 1.502 kN 


Problem 2-105 


The chandelier is supported by three chains which are concurrent at point O. If the force in each 
chain has magnitude F, express each force as a Cartesian vector and determine the magnitude and 
coordinate direction angles of the resultant force. 
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Given: 
F = 60 lb 
a = 6ft 
b=4 ft 
0; = 120 deg 
02 = 120 deg 
Solution: 


03 = 360 deg — 0; — @2 


Chapter 2 


bsin( 01) 28.8 
TOA 
roa = | bcos(4) Fa = fol Fa =| -16.6 |Ib 
- ~49.9 
bsin( 0) + 02) -28.8 
Yr 
YOB = bcos( 0 + 0) Fp = ca Fp = “i Ib 
as ~49.9 
0 0 
Yr 
roc =| Db Fc = il Fc =| 33.3 |lb 
-a ie —49.9 
Fr = Fa+Fpt+Fc |FR| = 149.8 Ib 
a a 90 
FR 
fl = vo | B|={| 90 |deg 
y R y 180 
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Problem 2-106 


The chandelier is supported by three chains which are concurrent at point O. If the resultant 
force at O has magnitude F'p and is directed along the negative z axis, determine the force in 


each chain assuming F', = Fp=Fo=F. 


Given: 
a= 6ft 
j 
b= 4 ft 
Fr = 130 lb 
a 
Solution: 
_ a + i 
- 3a ‘ , y 
F =52.11b 


Problem 2-107 


Given the three vectors A, B, and D, show that A(B + D) = (A. B) + (A- D). 


Solution: 


Since the component of (B + D) is equal to the sum of the components of B and D, then 


A-(B+D) =A-B+A-D (QED) 


Also, 


A(B+D) = (Axi + Ayj + Azk)[ (By + Dy)i + (By + Dy)j + (Bz + Dz)k] 


= A,(By + Dx) + Ay(By + Dy) + A,(B, + Dy) 
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= (AyBy + AyBy + A,By) + (AyDy + AyDy + AzDy) 


= (A-B)+(A-D) (QED) 


Problem 2-108 


Cable BC exerts force F on the top of the flagpole. Determine the projection of this force along 
the z axis of the pole. 


Given: 
F =28N B 
i 
a=12m = 
b=6m a 
- a 
C= 4m F 
Solution: 
A 
b 0 ar) 4 \ 
rBC =| -c k =| 0 b 
—a 1 Cf y 
TBC ee 
Fy = aT f 
InBc| 
F, = —-Fyk F, = 24 N 


Problem 2-109 


Determine the angle 0 between the tails of the two vectors. 
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Given: 
ry = 9m . 
ro = 6m 
a = 60 deg 
B = 45 deg 
y = 120 deg 
@ = 30 deg : 
€ = 40 deg “e 
Solution: 


Determine the two position vectors and use the dot 
product to find the angle 


sin(e) cos(¢) cos(a@) 
My =] ~sin(e) sin(¢) Y2v = 12 cos ( ) 
cos(e) cos(y) 
T1y'T2v 
0 = acos 0 = 109.4deg 
lriv| | 29) 


Problem 2-110 


Determine the magnitude of the projected component of r, along r,, and the projection of r, 


along rj. 
Given: : 
ry =9m 
ro = 6m 
a = 60 deg 
B = 45 deg 
y = 120 deg ~ 
@ = 30 deg ie? 
é = 40 deg 
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Solution: 


Write the vectors and unit vectors 


sin(¢) cos(¢) 5.01 
ry = 71 | -sin(<)sin(g) Ty =| —2.89 | m 
cos(e) 6.89 
cos(a) 3 
lay = 12 cos() roy = | 4.24 | m 
cos(y) =3 
0.557 0.5 
T1v T'2v 
uy = F | u2 = F | uy =| —0.321 uz = | 0.707 
sa! me 0.766 0.5 
The magnitude of the projection of r, along ry. tiv u2| = 2.99 m 
The magnitude of the projection of r, along ry. |rav-ug| = 1.99 m 


Problem 2-111 


Determine the angles @ and ¢ between the wire segments. 
Given: 
a = 0.6 B 
A ’ 
b = 0.8 fi 
y Lm if 
y H 
= } 
c=0.5 WZ | a) } ; 
d=0.2 / if y 4 
; ji Ya 
| a 
Solution: VP 4 
a la 5 
e=a-d z 2% 
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0 
TBA‘ TBC 
rBA =| -e | m rpc =| d | ft 6 = acos i | F | 6 = 74.0 deg 
BA BC 
-C —C 
—b —b 
TCB' TCD 
YrcB = -d|m rcD = 0 ft 1) = acos }rcs] [roo] Wy) = 33.9 deg 
CB CD 
Cc 0 
Problem 2-112 
Determine the angle @ between the two cords. 
Given: 
a=3m 
= a - 
b=2m ¢ a? ; 
c=6m XQ 
d=3m 
e=4m t = y 
v If 
Solution: 4 
b 0 
TAC TAB 
rac =| a | ft rap =| —d | ft @ = acos E | F | 0 = 64.6 deg 
AC| |FAB 
c e 
Problem 2-113 
Determine the angle @ between the two cables. 
Given: 
a= 8 ft 
b = 10 ft 
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c= 8 ft 
d = 10 ft 
e=4ft 
f = 6 ft 
Fap = 12 lb “| 
a 
B 
, i 
Solution: 
v 
a~f -f 
TAC ‘TAB 
rac =| —-c_ | ft rap =| d-c | ft @ = acos 0 = 82.9 deg 
; Irac| [ras] 


Problem 2-114 


Determine the projected component of the force F acting in the direction of cable AC. Express 
the result as a Cartesian vector. 


Given: 


F = 12 lb 
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a= 8ft 
b = 10 ft . 
c=8 ft ck 
t “We j 
he. r y 
d = 10 ft " | x 
“t EE 
e=4 ft | a 
hy » 
f=6 ft we RAT Cn 
ee { 
am —_— -_ 
x 
Solution: 
ae 0.2 
TAC 
FAC = —C m UAC = re UAC = 0.6 
b os 0.8 
i ~9.6 
TAB 
rAB =| d-c Fap =F F | Fap =| 3.2 {lb 
AB 
. 6.4 
0.229 
Fac = (FaB-uac) Uac Fac = | —0.916 | Ib 
1.145 


Problem 2-115 
Determine the components of F that act along rod AC and perpendicular to it. Point B is located 


at the midpoint of the rod. 
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Given: 


F=600N c=4m 


a=4m d=3m 
b=6m e=4m 
Se. 
bh * 
— ; i x 
D™< ! 
Solution: 
Find the force vector and the unit vector U,c. 
d 
c+= 
5.9 465.5 
TBD 
rBp = | b-—= YrBp =| 4 |m Fy =F E | Fy =| 338.6 |N 
—2 Be —169.3 
2 
—d -3 —-0.5 
TAC 
YrAC =| e rac =| 4 |m UAC = Fac] UAC =| 0.6 
24 4 Be 0.6 
Now find the component parallel to AC. 
Fparallel = Fy UAC F parallel = 99.1 N 


The perpendicular component is now found 


/ 2 
F’perpendicular = Fv Fv- F parallel F'perpendicular = 591.8 N 


Problem 2-116 


Determine the components of F that act along rod AC and perpendicular to it. Point B is located 
a distance f along the rod from end C. 
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Given: 


F=600N c=4m 


a=4m d=3m 
b=6m e=4m is 
f=3m 
a“ 
Solution: —— d 
1 -3 . S\ et 
a ; | a ae \ SE ~~ 
V e + oe + a b A d 
. » ‘ 5 - — 
Find the force vector and the unit vector U,¢. Saf . > 
~— i 
D “= 
c+d(1-nr) 5.5944 
rgp = | b-e(1-n) rBp =| 3.8741 | m 
—ar —1.8741 
475.6 
TBD 
oo | Fy =| 329.3 | N 
r 
sad —159.3 
—d =3 -0.5 
TAC 
YrAC =| e rac =| 4 |m uAC = 7—— UAC =| 0.6 
[rac| 
—a —4 —0.6 
Now find the component parallel to AC. 
Fparallel = Fy Wac Fparallel = 82.4 N 


The perpendicular component is now found 


| 2 
F'perpendicular = Fv Fv- F parallel F'perpendicular = 594.3 N 


Problem 2-117 


Determine the magnitude of the projected component of the length of cord OA along the Oa axis. 
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Given: 
a = 10 ft 
b=5ft 
c= 15 ft 
d-=:5 ft ie At 
a 
Se N\A 
0, = 45 deg y= Fy = 
A m 
= ths ‘Say 
09 = 60 deg F : 
f 
". hy 
Solution: 
cos( 07) cos( 02) 2 

: TOa 

roa =d cos(0;) sin( 42) YOa =| a UQa = Tegal 
TOa 
sin( 0) —b 

roa = TOA‘UOa TOq = 2.1 ft 
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Problem 2-118 c 


Force F acts at the end of the pipe. 
Determine the magnitudes of the 


components F, and F,, which are directed f O 
along the pipe's axis and perpendicular to \ as 4 
- é ad = - x 


it. 


ws 


Given: 


0 i 5 ft Pe { 
F=| 0 | BESR ; 
Sa c=3ft 
F, 
Solution: 
b I 
r 
r=|a u=— 
[r| 
-C 
Fy, =F-u Fy, = 18.31b 


Pp Ray Fees Gln 


Problem 2-119 


Determine the projected component of the force F acting along the axis AB of the pipe. 
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Given: 
F = 80N 
a=4m 
b=3m ; 
c=12m 
d=2m 
e=6m a = 

ee) 
. a 
Solution: | 
“¥ 
Find the force and the unit vector 


—e -6 —35.3 
TA 
ra =| -a-b ra=| -7 |m ee ly | Fy =| -41.2 | N 
d-c -10 ie —58.8 
-~e 6 —0.9 
TAB 
rap =| -—b raB =| -3 | m UAB = E | uap =| —0.4 
d 2 ne 0.3 


Now find the projection using the Dot product. 


Fap = Fy-uap Fap = 31.1 N 


Problem 2-120 
Determine the angles @and ¢ between the axis OA of the pole and each cable, AB and AC. 
Given: 


F, =50N 
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F> = 35N i 
a=1im 4 
b=3m 
c=2m 
d=5m 
e=4m a 
f= 6m 
g=4m 
Solution: 
0 e —C 
rao =| -9 rAB =| a rac =| a+b 
=a ae =f 
YAO TAB 
0 = acos| 0 = 52.4deg 
[rao] |raB| 
rao rac 
g = acos| -——~—— é = 68.2 deg 
[rao] |rac| 


Problem 2-121 


The two cables exert the forces shown on v 
the pole. Determine the magnitude of the 
projected component of each force acting 
along the axis OA of the pole. 


Given: 


F, =50N 


a 
I 
= 


= 
I 
Ww 
= 
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Chapter 2 


FiAo = Fiv' 4ao F1ao = 18.5 N 


F240 = F2v 4ao F240 = 21.3 N 


Problem 2-122 


Force F is applied to the handle of the wrench. Determine the angle @ between the tail of the force 


and the handle AB. 
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Given: 


a = 300 mm 


b = 500 mm 
B 
F = 80N [a 
6, = 30 de f 
1 8 < 
02 = 45 deg a fe: tee 
Solution: ye - ak 
—cos( 6) sin( 02) 0 
Fy =F cos( 01) cos( 42) Uab =| —-1 
sin( 0) 0 
Fy-Uab 
O= so a ) 0 = 127.8 deg 


Problem 2-123 


Two cables exert forces on the pipe. Determine the magnitude of the projected component of 
F, along the line of action of F,. 


Given: 
Fz = 30 |b B = 30 deg 
F> = 25 |b y = 60 deg 


a = 30 deg € = 60 deg 


Solution: x 


We first need to find the third 
angle ( > 90 deg) that locates 
force F,. 


Initial Guess: g@ = 120 deg 


116 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 2 


Given 


cos(e)* + cos(y)* + cos(¢)" =1 


¢ = Find() ¢ = 135deg 


Find the force F,,, and the unit vector u,. 


cos(a) sin(£) 13 
Fyy = F1| cos(a)cos(£) Fyy =| 22.5 [Ib 
-sin(a) -15 
cos(¢) -0.7 
u2 = cos(«) uz =| 0.5 
cos(y) 0.5 
Now find the projection Fyo = [Fiy-ug| Fy = 5.4lb 


Problem 2-124 


Determine the angle 8 between the two cables attached to the pipe. 


Given: , 
Fz = 30 |b B = 30 deg 
3 
F > = 25 |b y = 60 deg 


a = 30 deg € = 60 deg 


Solution: 


We first need to find the third 
angle ( > 90 deg) that locates 
force F'. 


Initial Guesses: ¢ = 120 deg 
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Given 


cos(e)* + cos()" + cos(¢)" =1 
@ = Find(¢) $= 135deg 


Find the unit vectors u, and U,. 


cos(a) sin() 0.4 

uy = cos(a) cos() uy =| 0.8 
-sin( a) -0.5 

cos(¢) =07 

u2 = cos(«) uz =| 0.5 
cos(y) 0.5 


Find the angle using the dot product 09 = acos(uy-u2) 8 = 100.4 deg 


Problem 2-125 


Determine the angle @ between the two cables. 


Given: 
ef 
a= 7.5 ft i ae. 
Ps 
b=2ft Ng 
c= 3 ft ‘ y, " 
‘ye oe 
F, ‘ a i 
d=2 ft 7 ; a 
e=3ft ct wees 
* Re. re =———) 
=o - f A d 
F, = 60 lb x s 
F = 30 Ib ' 
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Solution: 
-d-—b —d 
rac =| -c-f rap = | -c- f 
a-e -e 
YFAC TAB 
O? = acos 0 = 59.2 deg 
[rac| |rap| 


Problem 2-126 


Determine the projection of the 7 — 
force F, along cable AB. Determine 


the projection of the force F, along 


Ns | 
cable AC. Te 


Given: F “ Sie 


a = 7.5 ft h ee 
b = 2 ft > ee ¥ A = z \ 
< ; =, , d 
c=3 ft ) / - 
d =2 ft J of 
e=3ft x 
f =3 ft 
F, = 60 |b 
F> = 30 |b 
Solution: 
-d-—b —d 
FAC TAB 
rAC =| 50>, rap =| -c-— f ne hegel UAB = Be 
‘AC ‘AB 
a-e —e 
Fiy = Fjuac F1aB = Fiy UAB F1,B = 30.81b 
Foy = Fouap F2ac = Fav 4ac F2ac = 15.41b 


119 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 2 


Problem 2-127 


= ! 
Determine the angle O between the edges of en ——~. 
the sheet-metal bracket. » = 
~~ ~ 
Given: a ONS 
a = 50 mm > : 
a AS » 
b = 300 mm ~~, ‘SSN 
: | q 


Q 
lI 


400 mm 


250 mm y = Nl 


Solution: se 


Find the unit vectors and use the dot 


product 
d 
Yr] 
1 
Cc 
a 
r2 
2= b u2 Tro] 
2 
0 
0.848 0.164 
ui =| 0.000 | uz =| 0.986 @ = acos(uy-u2) 0 = 82deg 
0.530 0.000 


Problem 2-128 


Determine the magnitude of the projected component of the force F acting along the axis BC 
of the pipe. 


120 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 2 


Given: 
F = 100 lb 
a=2 ft 
b = 8 ft 
c= 6ft 
d=4ft we +33 
a 5 
e = 2 ft are > 
dd : 4 
9 
4 
Solution: 
“E —c 
rcD TCB 
rcp =| 5 ucD = 77 rcB = | -d UCB = 
[rcp| rcp 
e e 
FRc = (Fucp)-ucB Fpc = 10.5 1b 
Problem 2-129 
Determine the angle 8 between pipe segments BA and BC. 
Given: 
F = 100 lb 
a=3ft 
b = 8 ft - 
c= 6ft z 
d=4ft ; a b 
: i o~ 3 
e=2 ft a Ri 
' aie \ 
Solution: 
—a 
TBC TBA 
rpc =| d rBA =| 0 0 = acos 0 = 143.3 deg 
i, frac] [ral 
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Problem 2-130 


Determine the angles 8 and ¢ made between the axes OA of the flag pole and AB and AC, 
respectively, of each cable. > 


Given: 


Fp =55N c=2m 


B 
Solution: 
‘ ~~ 
0 b -c a 
rAO =| —e YAB =| —e rac =| —é 
1h a- f d- f 
TAB TAO 
@ = acos| ;——__—__ 0 = 74.4deg 
[rap] [rao| 
rAC'TAO 
og = acos| -———— ¢ = 55.4 deg 
[rac| |rao| 


Problem 2-131 


Determine the magnitude and coordinate direction angles of F so that resultant of the three 
forces acts along the positive y axis and has magnitude F p. 
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Given: = 
FR = 600 lb 
F, = 180 lb 
F> = 300 lb 
@ = 40 deg 
0 = 30 deg 
# 
Solution: 


The initial guesses: 
F3=100lb £ = 30 deg 


a = 10 deg y = 60 deg 

Given 

Fp,=2Fy -F,+ Fo cos( 8) sin(¢) + F3 cos( a) =0 
Py aby, F9 cos( 8) cos(¢) + F3 cos(f) =FR 


Fp,= 2F; —-F9 sin( 6) + F3 cos(y) =0 


cos( a)" + cos(f)* + cos(y)* =1 


Chapter 2 


Solving: 

F3 

a 88.3 
= Find(F3, a, 8,7) B\=| 206 |deg  F3 = 428.31b 

B 
y 69.5 

y 
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Problem 2-132 


Determine the magnitude and coordinate direction angles of F so that resultant of the three 
forces is zero. 


Given: 
F, = 180 lb 
F> = 300 lb 
@ = 40 deg 
0 = 30 deg 
Solution: 


The initial guesses: 


a = 10 deg 

B = 30 deg 

y = 60 deg 

F3 = 100 lb 

Given 

Fp,= 2FY -F,+Fo cos(@) sin( ¢) + F3 cos( a) =0 


Fr= =F); F9 cos( 6) cos(¢) + F3 cos(f) =0 
Fp, = ZF; —-F9 sin( 8) + F3 cos(7) =0 


cos( a)" + cos(B)* + cos(y)* = 1 


Solving: 

F3 

a 87 
= Find(F3, a, 2,7) B|=| 142.9 |deg F3 = 249.6 lb 

B 
y 53.1 

y 
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Problem 2-133 


Resolve the force F into two components, one acting parallel and the other acting perpendicular 
to the u axis. 


Given: 


F = 600 lb Ma 
0; = 60 deg 


02 = 20 deg 

Solution: 
F perpendicular = F cos( 0 - 0) 
F perpendicular = 460 Ib 


F parallel = Fsin( 7 0) 


F parallel = 386 Ib 


Problem 2-134 


The force F has a magnitude F and acts at the midpoint C of the thin rod. Express the force as 
a Cartesian vector. 
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; B 
Given: i 
F = 80 |b 
a=2ft 
b = 3 ft 
“ 
c = 6ft 
Solution: 
—b 
2 
a me y 
r =| — 
co 5 
-C 
—34.3 
Tco 
Fy = i | Fy =| 22.9 |lb 
r 
a0 —68.6 


Problem 2-135 


Determine the magnitude and direction of the resultant Fp= F, + F, + F, of the three forces by 
first finding the resultant F' = F, + F, and then forming Fp = F'+ F,. Specify its direction 


measured counterclockwise from the positive x axis. 
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Given: 
F, = 80N 
F 
F> = 75N 
F3 =50N 
6, = 30 deg 
0) = 30 deg 
A 
63 = 45 deg 
Solution: 
-sin( 7) cos( 02 + 03) cos( 63) 
Fiy = F1 Foy = Fo) | F3y = F3) | 
cos( 07) sin(@ + 03) sin( 03) 
‘i ‘ 3 Z —4.6 rr 1 0 
rm + a i — i= 
Te aey 104.6 0 Ya 
Fp = F'+F F oe N |F | 177.7 N 
= ' + = — 5 
. ey RY 771 f 
j 
0 = om ) 0 = 85.2 deg 
RI 


Problem 2-136 


The leg is held in position by the quadriceps AB, which is attached to the pelvis at A. If the force 
exerted on this muscle by the pelvis is F, in the direction shown, determine the stabilizing force 
component acting along the positive y axis and the supporting force component acting along the 
negative x axis. 


Given: 


F=85N 
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0; = 55 deg 
02 = 45 deg 
Solution: 


Fy = F cos( 0 = 02) 
Fy = 83.7 N 
Fy = Fsin( 0 - 62) 


pee Ee 1s) 


Problem 2-137 


Determine the magnitudes of the projected components of the force F in the direction of the 


cables AB and AC. 
Given: | 
60 
F=,; 12 |N 
—40 
aqa=3m 
b=1.5m 
c=1m 
d =0.75m 
e=l1im 
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Solution: 


Find the unit vectors, then use the dot product 


—a —3 —0.9 
TAB 
raB = | -d rap = | —0.8 | m UAB = E | uAB =| —0.2 
AB 
e 1 0.3 
—a —3 —0.9 
TAC 
YAC =] C rac =| 1 |m UAC = E | uac =| 0.3 
AC 
b 1.5 0.4 
—78.5 2-9, 
Fap = Fuap Fap =| —-19.6 | N Fac = Fuac Fac =| 243 |N 
26.2 36.4 


Problem 2-138 


Determine the magnitude and 
coordinate direction angles of F so 


that resultant of the three forces is 
zero. 


Given: 


F, = 180 lb ¢ = 40 deg 


F> = 300 lb 0 = 30 deg 


Solution: 


The initial guesses: 


a = 10 deg " 
B = 30 deg 
y = 60 deg 
F3 = 100 lb 
Given 
Fp,= XF,; -F,+Fo cos(@) sin( ¢) + F3 cos(a) =0 


Pay XF F>cos(6) cos(¢) + F3cos(f) =0 
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Fp, = =F; —F) sin( 6) + F3 cos(y) =0 


ease) + cos(B)° + gusta? = 1 


Solving: 
F3 
a 87 
= Find(F3, a, 8,7) B|=| 142.9 |deg F3 = 249.6 lb 
y 53.1 


Problem 2-139 


Determine the angles 0 and ¢so that the resultant force is directed along the positive x axis 
and has magnitude Fp. 


Given: 
Fy = 30 lb 
F2 = 30 lb 
Fr = 20 lb 
Solution: 


Initial Guesses: 
0 = 20 deg od = 20 deg 
Given 
Fy Fo 
sin( ¢) 


Pe = Fi> SP 0 Frees 80 deg 9 =) 
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’) = Find(@, ¢) 


6 = 70.5 deg 


¢ = 70.5 deg 


Problem 2-140 


Determine the magnitude of the resultant force and its direction measured counterclockwise 
from the x axis. 


Given: ¥ 
F1 = 300 lb 
F 2 = 200 lb 
0; = 40 deg 
82 = 100 deg 
Fry Fy . 
ul | 
Fg 
Solution: 
FRx = F1cos(180 deg - 02) + F2c0s(7) Frx = 205.31b 
Fry = F;sin(180 deg — 02) — F2sin( 1) Fry = 166.91b 
[5.2 2 
FR = FRx +FRy FR = 265lb 
FR 
0= von =) 0 = 39.1 deg 
FRx 
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Problem 3-1 


Determine the magnitudes of F, and F, so that the particle is in equilibrium. 


Given: \ 
F = 500N 
0; = 45 deg 
02 = 30deg 

Solution: 


Initial Guesses 


—>  F, = 0; Fy cos(0;) + Fcos( 62) -F=0 


+ EF, =0; Fy sin(@;) — Fasin(@2) = 0 


Fy Fy 259 
= Find(F7,F2) = N 
Fo Fo 366 
; 
Problem 3-2 } 


Determine the magnitude and direction @ of F so that 
the particle is in equilibrium. 


Units Used: 
kN = 10° N 
Given: 
X 
Fy, = 7kN 
Fo = 3 kN 
c=4 
d=3 
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Solution: 


The initial guesses: F = 1kN @ = 30deg 
Given 


Equations of equilibrium: 


J + F cos(8) =0 


V ee +a 


Cc 
+45 F,=0; ——_—_ |F; — F> - Fsin(@) = 0 
i F ec =) 


F 
e = Find(F, 6) F=494kN 6= 31.8deg 


Problem 3-3 


Determine the magnitude of F and the orientation @ of the force F, so that the particle is in equilibrium. 


Given: 

F, = 700 N 

Fp = 450 N 

F3 = 750 N 

0; = 15 deg 

82 = 30 deg 

Fy 
Solution: 
Initial Guesses: F =1N 8 = 10deg 
Given 
+ 


—> 3F,=0; Fy cos(0;) — Fosin( 2) — F3cos() = 0 
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+4 EF, = 0; F + F2c0s( 62) + Fi sin( 1) — F3sin(4) = 0 


F 
Ee = Find(F, 6) F = 28.25 N 6 = 53.02 deg 


Problem 3-4 


Determine the magnitude and angle @ of F so that the particle is in equilibrium. 


Units Used: 
kN = 10° N 
Given: 
Fy, = 45 kN 
F2 = 7.5 kN 
F3 = 2.25 kN 
a = 60 deg 
@ = 30 deg 
Solution: 
Guesses: 
F=1kN d=1 
Given 


Equations of Equilibrium: 


+> x F,=0; F cos(@) — Fosin(¢) — Fy + F3cos(a) = 0 
iia > Ea, Fsin(6) — Fo cos(¢) — F3sin(a) =0 
F 
( = Find(F, 6) F = 11.05kN 0 = 49.84 deg 
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Problem 3-5 


The members of a truss are connected to the gusset plate. If the forces are concurrent at point O, 
determine the magnitudes of F and T for equilibrium. 


Units Used: 
kN = 10° N ) 
-, ——> 
Given: 
F, = 8kN 
F> = 5kN a 
0; = 45 deg 
0 = 30 deg 
Solution: 


—> =F,=0; -Tcos(6) + Fy + F2sin( 67) = 0 


F, + Fzsin( 0) 
7 cos(6) 
T = 13.3kN 


ail SF,=0; F -Tsin(@) — F2cos(61) = 0 


F= Tsin(6) + F2c0s( 01) 


F = 10.2kN 


Problem 3-6 


The gusset plate is subjected to the forces of four members. Determine the force in member B and its 
proper orientation @ for equilibrium. The forces are concurrent at point O. 


Units Used: 


kN = 10° N 
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Given: 
F =12kN 
| ——» 
F, =8kN 
F> =5kN 
0, = 45 deg 
Solution: 


Initial Guesses T = 1kN 0 = 10deg 


Given 


> 3F,=0; Fy -Tcos(6) + Fosin( 61) = 0 


=f SF,=0;  —Tsin(@) — F2cos(0;) + F = 0 


T 
() = Find(T, 0) T = 14.31kN 6 = 36.27 deg 


Problem 3-7 


Determine the maximum weight of the engine that 
can be supported without exceeding a tension of T, 


in chain AB and T, in chain AC. 


Given: 
0 = 30 deg 
Tz = 450 Ib 
T2 = 480 lb 
Solution: 


Initial Guesses 


Fag = Tj 
Fac = T2 
W = I1lb 
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Given 


Assuming cable AB reaches the maximum 
tension Faz = T. 


= SF, =0; Faccos( 6) — Fap=0 


a SFy=0;  Facsin(@)- W=0 


FAci 
“ = Find(Fac, W) W1 = 259.81 Ib 
1 


Given Assuming cable AC reaches the maximum tension F'4, = T>. 


+ =F, = 0; Faccos(6) — Fag = 0 


a SF,=0;  Facsin(@)- Ww =0 


Fp 
= Find(Fag, W) Wo = 240.00 Ib 
W2 
W = min(W7, Wo) W = 240.00 lb 
Problem 3-8 


The engine of mass M is suspended from a vertical chain at A. A second 
chain is wrapped around the engine and held in position by the spreader 
bar BC. Determine the compressive force acting along the axis of the bar 
and the tension forces in segments BA and CA of the chain. Hint: 
Analyze equilibrium first at A, then at B. 


Units Used: 
kN = 10° N 
Given: 
M = 200 kg 
0; = 55 deg 
g= 98 — 
2 


S) 
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Solution: 
Initial guesses: Fpa = 1 kN Fo, = 2 kN 


Given Point A 


zx XF, = 0; Fcacos( 41) - Fpacos( 47) =0 


+. EF)=0;  M(g) ~ Fea sin(@1) — Fpasin( 07) = 0 


FRA Find(Fra.Fca) FRA 1.20 mt 
= in ; — 
FCA ie FCA 1.20 


At point B: 


—>  F, = 0; Fpacos( 07) — Fac = 0 


FRc = Fpacos( 67) FRc = 687 N 


Problem 3-9 


Cords AB and AC can each sustain a maximum tension T. If the drum has weight W, 
determine the smallest angle @ at which they can be attached to the drum. 


Given: 
T = 800 lb 
W = 900 lb x 
Solution: 
+** SF, =0; W — 2Tsin(6) = 0 
WwW 
O= sin( 3) 
2T 
6 = 34.2 deg 
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Problem 3-10 


The crate of weight W is hoisted using the ropes AB and AC. Each rope can withstand a 
maximum tension T before it breaks. If AB always remains horizontal, determine the smallest 
angle 0 to which the crate can be hoisted. 


Tr? 
Given: chy y 
4 
W = 500 Ib wy 
1 cr To td 
T = 2500 lb ; 
Solution: A 


Case 1: Assume Tap = T 


The initial guess 6 = 30 deg Tac = 2000 lb 
Given Ty 


“+> Y F,=0; Tap Tac cos(8) =0 


‘T & Fy=0;  Tacsin(@)- W=0 


TAC1 
a Find(T,c, 9) 6, =11.31deg = Tacy = 25501b 
1 
Case 1: Assume Tac = T 


The initial guess 6 = 30 deg Tap = 2000 lb 
Given 


=a 


“> D F,=0; Tap Taccos(6) =0 


‘T ¥ Fy=0;  Tacsin(@) - W=0 


TAB2 


= Find(Tap, 4) 69 =11.54deg = Tago = 24491b 
A 


@ = max(67, 02) 6 = 11.54deg 
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Problem 3-11 


Two electrically charged pith balls, each having mass M, are suspended from light threads of equal 
length. Determine the resultant horizontal force of repulsion, F, acting on each ball if the measured 
distance between them is r. 


“\ 4 
Given: hes pas 
M = 0.2 gm 
r = 200 mm \ 
1 = 150 mm 
il 
d = 50 mm 
Se ' + / \ + + \ 
Solution: 
The initial guesses: + ps Ly + 
+ +\ 
T = 200N F = 200N ‘® | B 
+ | + + | + 
Given : 
ee | — 
r—d 
+> FY=0; F- = 0 
T cm 
UNS 
+ 
> > i= 0; —-Mg=0 , 


F 7 
(F) =Find(T,F) [emission | Gaaiomonn 


Problem 3-12 


The towing pendant AB is subjected to the force F which is developed from a tugboat. Determine 
the force that is in each of the bridles, BC and BD, if the ship is moving forward with constant 
velocity. 


Units Used: 


in 0" 
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Chapter 3 
_———:) 
D \. aG 
Gi \ Le if \ -@ 
iven: a mA A “ 
Ne x 
F = 50 kN / a \\ 
pt AG 
G20 tee ec ‘ 
\ 
02 = 30 deg \A 
Solution: X 
Initial guesses: Tpc = 1 kN TBD = 2 kN 
Given 
+ 
—>  F,,= 0; 


Tgcsin( 02) - Tppsin( 41) =0 
7 SF,=0; Tgccos(2) + Tgpcos( 41) — F = 0 
TBC 


= Find(Tgc : Tgp) 
TBD 


TBC 22.32 
= kN 
TBp 32.64 


Problem 3-13 


Determine the stretch in each spring for 
equilibrium of the block of mass M. The 


springs are shown in the equilibrium position. 
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r b + f 7 
Given: t C = We B 
X VA 
a 


4 yy 
TA 
c=4m l 
N = Kay 
kap = 30 — = 
dD 
N 
kac = 20 — 
m 
N 
kap = 40 — 
m 
=GBqi- 2 
es 2 1 
Ss 
Solution: 


The initial guesses: 


Fap=1N Fac =1N 


Given 


—Mg=0 


a 
= ta Nig a 0 
tk FY =0; 
tT : ar eb Ge 


FAC Find(Fac. Fp) FAC 15.86 ‘5 
— in ¥ = 
Fap BOS Fap 14.01 
Fac 
XAC = ie XAc = 0.79 m 
FAB 
XAB = is, XAB = 0.47 m 
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Problem 3-14 


The unstretched length of spring AB is 6. If the block is held in the equilibrium position shown, 
determine the mass of the block at D. 


Given: 
o=2m 
a=3m 
b=3m 
c=4m r b wi : i 
kaBp = 30 — H \ * A A 
2 kac " 
N a Wy i 
kac = 20 ms Ny 3 Kap 
\ 4 
N ~ Ws 
kap = 40 — lL 
m - 
= Kay 
g = 9.81 — = 
2 
5 D 
¥ 
Solution: 


Fap = kanlv a ater - 5] 


The initial guesses: 


mp = 1 kg Fac =1N 


Mins 


Given 
: F < F 26 
—> = F,=0; AB AC] TS | = 
‘ a +c V a + b? 
F : +F mpg = 0 
Sip AG) "| + Fan) ————— |= Bing = 
uals Dee a aie ee 
Fac 
seth Find(Fac,mp) Fac = 101.8 N mp = 12.8 kg 
D 
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Problem 3-15 
The springs AB and BC have stiffness k and unstretched <j : 
lengths 1/2. Determine the horizontal force F applied to ' = 
the cord which is attached to the small pulley B so that > 
the displacement of the pulley from the wall is d. = 
= 
B 
Given: 9 eccef —$eon } 
£ F ¥ 
l1=6m z 
.% 
k = 500 = %, 
> m i ' 
C~ 
d=15m ra 
Solution: 
Dee ae 
T= —| +d -- T = 177.05N \ 
2 2 ; > 

+ d t 
—> 5 F,=0; 


F =———_(2T) F = 158.36N 


Problem 3-16 


The springs AB and BC have stiffness k and an unstretched length of |. Determine the 
displacement d of the cord from the wall when a force F is applied to the cord. 
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Given: 
A. 
1=6m B f 
i= 
k = 500 N > 
paces > 
F =175N 
Solution: k 
x 
The initial guesses: Ss ! 
‘aay 
d=im T=1N — 
Given 
+ d 
—> YF,=0; -F+(2T) = 


Z 
Spring T= | ae + (=) - i 
2 2 


i 
( = Find(T, d) T=189.96N d=156m 


Problem 3-17 


Determine the force in each cable and the force F needed to hold the lamp of mass M in the position 


shown. Hint: First analyze the equilibrium at B; then, using the result for the force in BC, analyze the 
equilibrium at C. 


Given: 
M =4kg 7 
0; = 30 deg 
© dD 
82 = 60 deg 8, R G 
t . ; 
£9, 
03 = 30 deg ay ( “s 
t > ey 
Solution: y ~ 
SS 
Initial guesses: F 
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TBcC = 1N TBA =2N 


Given 


At B: 


“> =F,=0; —Tgccos( 1) — Tgacos(é2) = 0 


* SF,=0; Tgasin(@2) — Tgcsin( 41) - Mg = 0 


TBC Find Tec. Tra) TBC 39.24 ‘e 
= Find\! BC; £BA = 
TBA TBA 67.97 
AtC: Tcp=1N F=2N 
Given 


ay SF, = 0; -Tgc c0s( 61) + Top os 83) =0 


ai SF,=0; Tgcsin( 61) + Tcpsin( 43) - F = 0 


Tcp ; Tcp 39.24 
= Find(Tcp. F) = N 
F F 39.24 


Chapter 3 


Problem 3-18 


The motor at B winds up the cord attached to the crate of weight W with a constant speed. 


Determine the force in cord CD supporting the pulley and the angle @ for equilibrium. Neglect the 
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size of the pulley at C. 
Given: 


W = 65 lb e=12 d=5 


Solution: 
C 
The initial guesses: @ = 100 deg Fcp = 200 |b Fy 1 
"ages 
Given / / 
Equations of Equilibrium: f 
hi 
f f 
i d fi tA 
— 2 F,=0; Fcpcos( 8) — wie—— | = 0 i — 
Pie f i 
c +d — f 
<( \ Ff . Za 
k Sy dMeneneenaid 
—-W=0 AS) 


+4 F,=0; Fopsin(@) - 


i ) = Find(0,Fcp) 


c 
(aS | 


FcD 
0 = 78.69 deg 
Fop = 127.51b 


Problem 3-19 


The cords BCA and CD can each support a maximum load T. Determine the maximum weight 
of the crate that can be hoisted at constant velocity, and the angle @ for equilibrium. 
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Chapter 3 
Given: D 
T = 100 lb 
c=12 
d=5 


The maximum will occur in CD rather than in BCA. 
Solution : 


The initial guesses: 6 = 100 deg W = 200 lb 


Given 
Equations of Equilibrium: ~ 
+ d 
—> 5 F,=0; Tcos(@) - WwW ——— ] = 0 
V c + a 
+45 F,=0; Tsin(6) - Wj ———]|-w=o 
V c + a 


[°) = malo, / | | 


6 = 78.69 deg 


W = 51.0 lb 
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Problem 3-20 


:_ | 
The sack has weight W and is supported by r : D 
the six cords tied together as shown. ‘ - 
Determine the tension in each cord and the > Zp 
angle @ for equilibrium. Cord BC is horizontal. t p= annmnannnn{y’/——! 
BN i 
Given: ™~ f 8, 
GG wy { 
a Fy ' 
W = 15 |b if 
6, = 30d E 
0) = 45 deg —) 
Hii} 
03 = 60 deg Uae | 
Solution: 
Guesses TBE = 1 |b TAB = 1 |b 
6 = 20deg TBc = 1 |b Tac = 1 |b 
Tcp = 1 1b TAH = 1 |b 
Given 
At A: 
cath XF,=0; Tay-W=0 
At A: 
+ 
—> XF,= 0; Tp cos( 02) + Tac cos( 43) =0 
o SF,=0;  Tagsin(@2) + Tacsin(43) — W = 0 
At B: 
+ 
—> XF,=0; Trac- Tpg.cos( 47) + Tapcos( 4) =0 Tin 


ah SF,=0; Tgesin(4) — Tagsin( 42) = 0 


AtC: 


am LF, = 0; Tcpcos(@) — Tac — Tg cos( 43) =0 


cai SF,=0; Tcpsin(@) — Tacsin(3) = 0 
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TBE 7 
BE 
Tap 10.98 
TAB 7.76 
TBC 
TBC 4.02 
Tac | = Find(Tge. TaB>1Bc,Tac.Tcp.TaAH; 6) = Ib 
TAC 10.98 
Tcp 
: Tcp 13.45 
AH Tan 15.00 
0 
0 = 45.00 deg 


Problem 3-21 


Each cord can sustain a maximum tension T. Determine the largest weight of the sack that can be 
supported. Also, determine 0 of cord DC for equilibrium. 


Given: } 
3. 
T = 200 lb Site dD 
= OF, oo 7) 
01 = 30 deg See of —' 
BN. A 
02 = 45 deg rin f 0 
ies ef ' 
AT 
63 = 60 deg ; 
Hi 
Gr 
Solution: A 
if a | 


Solve for W = 1 and then scale the answer at the end. 


Guesses TBE = 1 Tap = 1 
TBc = 1 Tac = 1 
Tcp = 1 TAH = 1 
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@ = 20 deg 


ts 2XF,=0; Tay-W=0 


= XF’, = 0; -Tpcos( 02) + Tac cos( 43) =0 


sh SF,=0;  Tagsin(@2) + Tacsin(43) — W = 0 


aA 2F.=0; Tac - Tpgcos( 7) + Tapcos( 4) =0 


of SF,=0; Tgesin(41) — Tapsin(@2) = 0 


a LF, = 0; Tcpcos( 6) — TBc - Tpg cos( 63) =0 


sch SF,=0; Tcpsin(@) — Tacsin(3) = 0 


TBE 
TBE 
TAB 0.73 
TAB 0.52 
TBC 
TBC 0.27 
Tac | = Find(Tge. TaB,TBc.Tac.Tcp.TaH; 6) = 
TAC 0.73 
Tcp 
Tcp 0.90 
TAH T 1.00 
‘AH 
0 
T 
WwW = W = 200.00 Ib 
max(TBE, TaB.TBc,Tac.Tcp; TaH) 
@ = 45.00 deg 
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Problem 3-22 


The block has weight W and is being hoisted at uniform 
velocity. Determine the angle @for equilibrium and the 
required force in each cord. 


Given: 
W = 20 |b 
@ = 30 deg 
Solution: 


The initial guesses: 


6=10deg Tap = 50 lb 


Given 


Tapsin(¢) — Wsin(@) = 0 


Tapcos(¢) -W- Wcos(6) = 0 


i (0, Tas) 
= Find| 0, T 
TAB ; ee \ 
6 = 60.00 deg 
Tap = 34.61b 


Problem 3-23 


Determine the maximum weight W of the block that can be suspended in the position shown if 
each cord can support a maximum tension T. Also, what is the angle @ for equilibrium? 
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Given: 
T = 80 lb 
@ = 30 deg 


The maximum load will occur in cord AB. 


Solution: 


Tap = T 


The initial guesses: 


8 = 100deg W = 200lb 


Given 


+4 F,=0; — Tapcos(¢) — W- Weos(6) = 0 


—> 5 F,=0; Tagsin(¢)— Wsin(0) = 0 


[°) = Find(@, W) 


W=46.19lb @=60.00deg 


Problem 3-24 


Two spheres A and B have an equal mass M and are electrostatically charged such that the 
repulsive force acting between them has magnitude F and is directed along line AB. Determine the 
angle @, the tension in cords AC and BC, and the mass M of each sphere. 
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Chapter 3 
Unit used: 
2 ——~-—— | 
mN = 10°°.N bX 
[iN 
Given: / \ 
/ \ 
~ “ 
F = 20 mN ff Onse © \ 
/ ‘ 
m f \ 
g = 9.81 — / \ 8 
52 f ; - 
/ a 
0, = 30 deg / : 
/ 
@) = 30 deg / E 
ij a 
Ag 
end! 
Solution: 
Guesses Tp = 1mN M=1gm 
Ta =1mN_ @ = 30 deg 
Given 
\ 
For B: 
+ 
—> =F,=0; Fcos(0) - Tgsin(0,) = 0 
al XF, = 0; F sin( 2) ~ Tpcos( 01) —~Mg=0 
For A: 
+ 
—> =F,=0; T,sin(6) — Fcos(A2) = 0 
sal ZF,=0; Tacos(@) — Fsin(@2) - Mg = 0 
TA 
TB TA 52.92 
= Find(T,4, Tg. 8, M) = mN O=19.11deg M=4.08gm 
0 TB 34.64 
M 


Problem 3-25 


Blocks D and F weigh W, each and block E weighs W,. Determine the sag s for equilibrium. 
Neglect the size of the pulleys. 
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Given: 4 " "| ’ | 
W, =5)b er |» v= 
B ( 
Wo = 8 lb 
‘ 
a=4ft 
a ’ 
Ay 
Solution: 


Sum forces in the y direction D ! / 


Guess s=1ft 


s 
Given 2 SS W, -W2=0 s = Find(s) s= 5.33 ft 


Problem 3-26 


If blocks D and F each have weight W,, determine the weight of block E if the sag is s. Neglect 
the size of the pulleys. 


Given: = i + a - 
W, =5 |b wr an pl 
s=3ft ‘ 0) (6) s, 
a=4ft | 
Solution: " , 


Sum forces in the y direction fa 


ey {ry ay 
dD l | I 


S 
2} ——— ]w, -w=0 
2 2: 
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W = 2} ——— |W] W = 6.00 lb 


Problem 3-27 


The block of mass M is supported by two springs having the stiffness shown. Determine the 
unstretched length of each spring. 


Units Used: 
kN = 10°N = \ - 
( ‘2 *R 1 
Given: es e 
Wy, “S } 
, ey 
M = 30kg kyo Pky, 
ly = 0.6 m 9 ! 
lb = 0.4m » 
Iz = 0.5 m 
kN . 
kac = 1.5 — 
m P 
kN 
kag = 1.2 — 
m 
= 981 — | 
g=4. 9 
s 
Solution: 


Initial guesses: Fac = 20 N Fag = 30N 


Given 
loF 1, F 
+ 2" AB 1° AC 
Sort; $e 
2 2 2 2 
af lo” + 13 Vly +13 
13 FAB 13 FAC 
4 TES a eee MG 0 
2 2 2 2 
af lo” + 13 mee +13 
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FAC Find(Fac. Fan) Fac 183.88 ; 
= in 4 AB = 
Fap at FaB 226.13 


Then guess Lap = 0.1 m Lac = 0.1m 


Given Fac = me ie + ie = iis) 


LAB Find(Lap. Lac) LAB 0.452 
= Find\LaB,4AC = m 
LAC LAG 0.658 


Problem 3-28 


Three blocks are supported using the cords and two pulleys. If they have weights of W,= W-= W, 
Wa= kW, determine the angle @ for equilibrium. 


Given: 
k = 0.25 bo th aw @® 
ee 
| 
A - 
Solution: A 


—> XF, = 0; Wcos(¢) — kW cos(6) =0 


ah ZF, = 0; Wsin(¢) + kWsin(@) — W = 0 
cos(¢) = kcos( 6) 


sin( ¢) =1- ksin( 0) 
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1=k cos(6)” + (1 — ksin(6))* = 1+ — 2ksin( 0) 


k 
0= sin( 0=7.18deg 


Problem 3-29 


A continuous cable of total length / is wrapped around the small pulleys at A, B, C, and D. If each 
spring is stretched a distance b, determine the mass M of each block. Neglect the weight of the pulleys 
and cords. The springs are unstretched when d = 1/2. 


Given: 
l1=4m 
N 
k = 500 — 
m 
b = 300 mm 
| 
g=4. 5 
S 
Solution: 


F,=kb Fs = 150.00 N 


Guesses 


T=1N 6=10deg M=1kg 


Given 


~2T cos(6)+Mg =0 


b+ =sin(¢) = - 


= Find(T, 0, M) 


Zor 
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T = 107.14 N 6 = 44.43 deg M = 15.60 kg 


Problem 3-30 


Prove Lami's theorem, which states that if three concurrent forces are in equilibrium, each is 
proportional to the sine of the angle of the other two; that is, P/sin a= Q/sin £ = R/sin +. 


Solution: 


Sine law: 


R Q P 


sin(180deg— 7)  sin(180deg — 8) _ sin(180deg — a) 


However, in general sin(180deg 7 $) = sin( ¢) , hence 


R Q P 
= = Q.E.D. 
sin( 7) sin( B) sin(a) 
Problem 3-31 L ’ ee = 
A vertical force P is applied to the ends i - ‘ <1 
of cord AB of length a and spring AC. ae BH Cz 


If the spring has an unstretched length , Be 
o, determine the angle @for equilibrium. ~y ik yh! 


Given: ™*, 
P = 10 1b et 
5 =2ft 3) 
es mt. 
k= 15 — x 
ft 
> 
a = 2 ft : 
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Chapter 3 


b = 2 ft 
Guesses 
0 = 10 deg @ = 10 deg 
T=11b F=11b 
x = lft 
y 
Given r h 
-Tcos(@) + Fcos(¢) = 0 LU fos 
Tsin(6) + Fsin(¢) — P = 0 
ath 
F =Kx- 6) 7S et 
asin(@) = xsin(¢) * 
acos(@) + xcos(¢) =a+b “= _- 
0 asin 
? T 10.30 
T | = Find(0, ¢,T,F,x) = Ib 6 = 35deg 
F 9.38 
F 
Xx 
Problem 3-32 r a -— I - 
ili _4 
Determine the unstretched length 6 of Pp + ? Se = 
spring AC if a force P causes the 1%, 4 " a4 ( 
angle @ for equilibrium. Cord AB has ty sh! 4 
length a. %& yi } 
“i yi : 
Given: a ZZ " 
P = 80 lb a 
0 = 60 deg a) 
Pe. 
Ib x 
k = 50 — % 
ft 
> 
a=2 ft : 
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b = 2 ft 
Guesses 

o = ift @ = 10 deg 

T=1)b F=1\]b 

x = lft 

’ 
Given T I 
a o ¥ 
~Tcos(6) + F cos(¢) =0 
P 
Tsin( 0) + Fsin(¢) - P = 0 
ath 
on | “ 
F =K(x- 6) wks 
asin(@) = xsin(¢) uth 
acos(@) + xcos(¢) =a+b a ‘ 
asin @ 

re 

é T 69.28 

T | = Find(6, ¢,T,F,x) [ = [ )n 5 = 2.66 ft 

F 40.00 
F 
x 


Problem 3-33 


The flowerpot of mass M is 
suspended from three wires and 
supported by the hooks at B and C. 
Determine the tension in AB and AC 
for equilibrium. 


Given: 
M = 20 kg 
ly =3.5m 
Ib =2m 
IZ =4m 
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lg = 0.5m 
Seei— 
ga 47. 
S 
Solution: 


Initial guesses: 
Tap = 1N Tac = 1N 


# = 10 deg @ = 10 deg 


Given 


-Taccos(¢) + Tapcos(8) =0 


Tacsin(¢) + Tapsin(@) —- Mg = 0 


S o 
ly cos(¢) +1 cos( 6) = Js < Sa] he 5 ee 
bY ra 
1, sin(4) = Ipsin(6) + ly ne er ag 
TAB 
Tac | _ Rea ’) : (S15 )a. ee : eS e 
0 é 36.87 TAG 1772 
? 


Problem 3-34 


A car is to be towed using the rope arrangement shown. The towing force required is P. Determine 
the minimum length / of rope AB so that the tension in either rope AB or AC does not exceed T. 
Hint: Use the equilibrium condition at point A to determine the required angle @ for attachment, then 
determine | using trigonometry applied to triangle ABC. 


Given: 
P = 600 lb 
T = 750 |b 
@ = 30 deg 
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d= 4ft 
Solution: 
The initial guesses 
Tap = T 
LAGE. 


0 = 30 deg 


l=2 ft 


Case 1: Assume Tyc = T 
Given 


ay x F,=0; Tac cos(¢) = Tapcos( 6) =0 


ses F, =0; P - Tacsin() — Tagsin(@) = 0 


| d 


sin(4)  sin(180deg - 0- ¢) 


TAB 
@ | = Find(Tag, 9,1) Tap = 687.39 lb 6 = 19.11 deg ly = 2.65 ft 
ly 


Case 2: Assume Typ = T 


Given 


+ x F,=0; Tac cos(¢) = Tapcos( 6) =0 


Ts F, =0; P - Tacsin(¢) — Tagsin(@) = 0 


I d 
sin(¢)  sin(180deg - 6 - ¢) 
TAC 
@ | = Find(Tac, 0,1) Tac = 840.831b 6 = 13.85 deg lp = 2.89 ft 
Ip 
1 = min(Iz, 1) 1 = 2.65 ft 
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Problem 3-35 


Determine the mass of each of the two cylinders if they cause a sag of distance d when suspended 
from the rings at A and B. Note that s = 0 when the cylinders are removed. 


Given: , F 
d=05m i . 
; i 
_ ( ’ Ne A, 
ly =15m I by q 
JN ' 
Ib =2m t : ~ 
fi h™ 
d k FL, A k 
I3 =1m i ~ ps 
. 1G @ 13 
k = 100 — ; i 
m q 
i 
> 4 


vel 
— 
— 


Solution: 


TAC =i. Ci d)° ie i 12 | 


Tac = 32.84 N 
[ + * 
0 = atan 
Ip 
0 = 45deg 
Tac sin( 0) 

og 

M = 2.37 kg 
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Problem 3-36 


The sling BAC is used to lift the load W with constant velocity. Determine the force in the sling 
and plot its value T (ordinate) as a function of its orientation 0, where 0 < 0 < 90°. 


Solution: W 


Ww- 2T cos(@) =0 


Problem 3-37 


The lamp fixture has weight W and is suspended from two springs, each having unstretched length L 
and stiffness k. Determine the angle @ for equilibrium. 


Units Used: 
kN = 10°N 
Given: 
W = 10 lb 
L=4 ft 
lb 
k=5— 
ft 
a= 4ft 
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Solution: 


The initial guesses: T = 200 lb 6 = 10 deg 


Given r ! 


: a t —e 
Spring T=k cos(0) -L 


+z F,=0; — 2Tsin(@)- w= 0 


fa 
[ ) = Find(T, 0) T = 7.341b 6 = 42.97 deg 
6 


Problem 3-38 


The uniform tank of weight W is suspended by means of a cable, of length |, which is attached 
to the sides of the tank and passes over the small pulley located at O. If the cable can be 
attached at either points A and B, or C and D, determine which attachment produces the least 
amount of tension in the cable.What is this tension? 


Given: F 
W = 200 lb 
l= 6 ft 
a=1ft 
b=2ft ¢ a > 
c=b fs P 
d = 2a 

Solution: —_ Ds 


Free Body Diagram: By 
observation, the force F has to 
support the entire weight of the 
tank. Thus, F = W. The tension in 
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cable is the same throughout the 
cable. 


Equations of Equilibrium 


SF,=0;  W-2Tsin(0) = 0 


2 
Attached to CD o1 = scos{ 2 9; = 70.53 deg 


2b 
Attached to AB 02 = scos{ >) 87 = 48.19 deg 


We choose the largest angle (which will produce the smallest force) 


@ = max(0;,02) 9 = 70.53deg 


lf w re a Ves 
ese) T = 106Ib a xe | 
2 sin( 6) : 


Problem 3-39 


A sphere of mass m, rests on the smooth parabolic surface. Determine the normal force it exerts 
on the surface and the mass mg of block B needed to hold it in the equilibrium position shown. 


Given: 
3 
Ms = 4 kg 
a=0.4m 
b=04m 
0 = 60 deg 
9 81 
g=y4. 9 
S 
Solution: | 
a 
k=— 1 . 
be - bh - 


Geometry: The angle @, which the surface make with the horizontal is to be determined first. 
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d 
tan( 0;) = < =2kx_ evaluated at x = a 0, = atan(2 ka) 01 = 63.43 deg 


Free Body Diagram : The tension in the cord is the same throughout the cord and is equal 
to the weight of block B, mgg. 


The initial guesses: mp = 200 kg Fy = 200 N 


ms My 


Given 


as x F,= 0; mpg cos( 6) — Fysin( 47) =0 


| 
14% Fy=0; mpg sin( 0) + Fycos( 6) —mg=0 L 
| Fs 
mB 
= Find(mg, Fy) Fy = 19.66 N 
Fy 
mp = 3.58 kg 


Problem 3-40 


The pipe of mass M is supported at A by a system of five cords. Determine the force in each 
cord for equilibrium. 


Given: 
Op 
M = 30 kg c=3 yA 
| 
m = 4 
g-98 = 4 , a: 
; OC 
BY 
O = 60 deg \ 
“, 
0 \ 1 | 
Solution: i Wi castinsnianaiil v 
Initial guesses: 5; | 
Tap = 1N Tarp = 1N 4 
TBc = 1N Tap = 1N 


Given 
Tapsin(6) — Mg = 0 
TAE — Tapcos( 6) =0 
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Cc 
TBp| —== || - Tapsin( 0) =0 
2 2 


c +d Ts y 
d r 
TBp| ———= | + Tapcos(6) - Tgc = 0 ENA Al ' 
Tn 22 
c +d 
any 
TB 
y 
TAE ; 
= Find(Tap, TaE; TBC; Tgp) 
TBC 
TBD 
TAB 339.8 
TAE 169.9 . 
Tac | | 562.3 
Ten 490.5 


Problem 3-41 


The joint of a space frame is subjected to four forces. Strut OA lies in the x-y plane and strut OB lies 
in the y-z plane. Determine the forces acting in each of the three struts required for equilibrium. 


Units Used: 
kN = 10° N 
Given: 
F=2kN 
0, = 45 deg 
02 = 40 deg 
Solution: 
SF,=0;  —Rsin(;) = 0 


R=0 


169 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 3 


SF,=0; — P sin(@2)- F =0 


pee F 
“Sin 6) 
P =3.11kN 
LF, = 0; Q-P cos( 02) =0 
Q=P cos( 42) 
Q = 2.38kN 


Problem 3-42 


Determine the magnitudes of F,, F,, and F; for equilibrium of the particle. 


Units Used: Zz 
kN = 10° N 
Given: 
F4 = 800 N 
a = 60 deg 
PB = 30 deg 
y = 30 deg 
c=3 
d=4 
Solution: 


The initial guesses: F7 = 100N Fo=100N F3=100N 


Given 
cos(a) - Cc ~cos(y) 0 
Fy 0 F — -d|}+F3 -sin(y) + F4 sin(Z) =0 
sin(a) co +d \ 0 ~cos(f) 
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Fy Fy 800 
Fp | = Find(F1,F2,F3) Fy | =| 147|N 


Problem 3-43 


Determine the magnitudes of F,, F,, and F for equilibrium of the particle. 


Units Used: 
kN = 1000 N 
Given: 4 
F4 = 8.5 kN 
Fs = 2.8 kN 
a = 15 deg 
PB = 30 deg 
c=7 
d= 24 
Xx 
Solution: 
Initial Guesses: Fy, =1kN Fo=1kN F3 = 1kN 
Given 
~cos(Z) 7 —C 1 ~sin( a) 0 
Fy 0 Higa eee -d|+F3/0|+F4 cos(a) + Fs} 0 |=0 
sin(Z) +d’ 9 0 0 -1 
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F1 Fy 5.60 
F2 | = Find(F;,F2,F3) F2 | =| 8.55 |kN 
F3 F3 9.44 


Problem 3-44 


Determine the magnitudes of F,, F, and F, for equilibrium of the particle F = {- 9i - 8j - 5k}. 


Units Used: 
kN = 10° N 
Given: 
-9 
F =| -8] kN 
—5 
a=4m 
b=2m —.— } 
c=4m om 
61 = 30 deg io = 
62 = 60 deg f 14 
63 = 135 deg 
64 = 60 deg 
Os = 60 deg 
Solution: 


Initial guesses) Fy =8kN Fo =3kN F3 = 12 kN 
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Given 
cos( 02) cos (7) cos( 63) a 
Fy —cos (02) sin( 47) + Fo cos( 45) a c |+F=0 
sin(02) cos( 04) yee OEE B 
F] ay 8.26 
F2 | = Find(F,,F2,F3) F2 | =| 3.84 |kN 
F3 F3 12:21 


Problem 3-45 


The three cables are used to support the lamp of weight W. Determine the force developed in 
each cable for equilibrium. 


Units Used: 


kN = 10° N 


Solution: 


Initial Guesses: 


Fap =1N Fac = 1N Fap = 1N 
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Given 

0 1 —C 0 

Fap 
Fapl 1 | + Fac| 0 | + —————— -b | + w. 0 | =0 
fz 2. 2 

0 0 a+b +c a -1 
Fap FAB 800 
Fac | = Find(Fag.Fac;Fap) Fac |=| 400 | N 
Fap Fap 1200 


Problem 3-46 


Determine the force in each cable needed to support the load W. 


Given: 
a= 8 ft 
b = 6 ft 
c=2 ft 
d=2ft + 
e = 6ft 
W = 500 Ib . 
3 . ‘ : x Se 
; vis ~ at’ 
Solution: 


Initial guesses: 


Fcp = 6001b =F, = 195 lb Fcp = 195 lb 
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Given 
(ol —d 0 0 
FCA Fop Fcp 
—e|}+ e|+ b | + 0 |=0 
aa. 2 2 
c +e 0 d+e 0 a+b \q =| 
Fcp Fcp 625 
Fca | = Find(Fep,Fca;Fcs) Fca | =| 198 |Ib 
FcB Fcp 198 


Problem 3-47 


Determine the stretch in each of the two 
springs required to hold the crate of mass 
m, in the equilibrium position shown. Each 


spring has an unstretched length Oanda 
stiffness k. 


Given: 
Mc = 20 kg \ 
o6=2m 
k = 300 = 
m 
a=4m : 
b=6m 
c=12m 
Solution: 


Initial Guesses 


Foa = 1N 
Fop = 1N 
Foc = 1N 
Given : 
0 —1 b 0 
Foc 
Foa| -1 |+Fop) 0 | + —]! 4 |+Mmegj 0 | = 0 


2 2 2 
0 0 Vid SD hee -1 
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FOA FOA 65.40 
Fog | = Find(Foa. Fos. Foc) Fos | =| 98.10 | N 
FOA 
OOA = Ta OOA = 218mm 
FOB 
OOB = sae OOB = 327mm 


Problem 3-48 


If the bucket and its contents have total weight W, determine the force in the supporting cables 
DA, DB, and DC. 


Given: 
W = 20 |b 
a=3ft 
b=4.5 ft 
c = 2.5 ft 
d = 3 ft 
e=1.5 ft 
f = 1.5 ft 
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Solution: 
The initial guesses: x : 
Pix, | Fy, 
Fp, = 40 lb Fpp = 20 Ib Fpc = 30 lb For 
7-4 on ae \ 
Given yo 
7 _ Ww 
b-e e 
d F,=0; Py — | —————————— |F  = 0 
Vb ay ae Cdr (eae 
re ai ] Cai | e 
==; ———————_ Fp, + | ——————_ |F oc - Fpp= 0 
(b=) 37 se" | er ea | 
; a | d 
= F,=0; —— | Fp, + | JF - W = 0 
Vibe) ep aes | (eed See h- 
Fpa Fpa 10.00 
Fpg | = Find(Fp,a. Fps. Fpc) Fpp | =| 1.11 |Ib 


Problem 3-49 


The crate which of weight F is to be hoisted with constant velocity from the hold of a ship 
using the cable arrangement shown. Determine the tension in each of the three cables for 
equilibrium. 
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Units Used: 
kN = 10° N 
Given: 
F = 2.5 kN 
a=3m 
b=1m 
c = 0.75 m 
d=1im 
e=15m 
f=3m 
Solution: 


The initial guesses 


Fap = 3 kN Fac =3kN- Fap =3kN 


-C d d 
Given ———— F ap + Fac + ——— F'4B = 0 
2 2 2 2 2 2 2. 2 2 
fe+eaae ests  fespae 


a 
Fap + ————$ Fc + Fap+F=0 
yc +b +a fe ee a yd +fo +a 
Fap Fap 1.55 
Fac | = Find(Fap, Fac. Fas) Fac | =| 0.46 |kN 
Fap FaB 0.98 
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Problem 3-50 


The lamp has mass m, and is supported by pole AO and cables AB and AC. If the force in the 
pole acts along its axis, determine the forces in AO, AB, and AC for equilibrium. 


Given: 


m = 15 kg d=15m 


a=6m e=4m 

b=1.5m f=15m t 

c=2m g = 9.81 — y 
S 

Solution: u 


The initial guesses: 


100 N \/ 


FAO = 
Fap = 200 N 
Fac = 300 N 
Fa 
Given Fy y Ac 


Equilibrium equations: my 


Cc c+e Cc 
2 2 BP AO- 2 2 5 ABH 2 2 pPac = 9 
yc +b +a V(c+e)  +(b+ f) +a yc +(b+d)° +a 


b b+f b+d 
——_—- F490 ¢E ———————— F ap tt oe Fc = 0 
oleae VLE V(b fr +ar foe (baud) a 


a a a 
2 2 5 PAO” 2 2 5 ABT 2 2 5 ac mg 0 
yci+b +a V(c+e)  +(b+ f) +a yc +(b+d)° +a 


Fao Fao 318.82 

Fag | = Find(Fao,F ap; Fac) Fag | =| 110.36 | N 

Fac Fac 85.84 
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Problem 3-51 
Cables AB and AC can sustain a maximum tension Tmax, and the pole can support a maximum 
compression Pmax. Determine the maximum weight of the lamp that can be supported in the 
position shown. The force in the pole acts along the axis of the pole. 

Given: 

Tmax = 500N c=2m 
Pmax = 300N d=15m 


a=6m e=4m t 


b=15m f=1.5m 


Solution: 


Lengths 
MO ahr hr ae ) | 
ABN ae (EXE) sb a 


AC Ze ee bee)" ¥ 
e 


The initial guesses: 


W 


Fao = Pmax Fap = Tmax Fac = Tmax W = 300N 


Case 1 Assume the pole reaches maximum compression 


Given 

Cc —c-—e —C 0 
Fao 
——| -b | + ——| b+ f |+——| b+ a ]+w 0 | =0 
AO 

a —a —a —1 
Wi Wi 138.46 
Fapi | = Find(W,F ap, Fac) Fapi | =| 103.85 | N 
Faci Faci 80.77 
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Case 2 Assume that cable AB reaches maximum tension 


Given 
—c— —Cc 0 
FAO 
——| -b | + ——]| b+ff |+——| b+d}+ 0 |}=0 
AO 
a —a —a —1 
We W2 666.67 
Fao2 | = Find(W, Fao, Fac) Fag? | =| 1444.44 | N 
FAc2 Fac 388.89 


Case 3 Assume that cable AC reaches maximum tension 


Given 
== —C 0 
Fao 
—| -b —| b+f |+—] b+d)+ 0 |=0 
AO 
a —a —a -1 
W3 W3 857.14 
Fao3 | = Find(W, Fao. Fas) Fao3 | =| 1857.14 | N 
Final Answer = W = min(W7, W2, W3) W = 138.46 N 


Problem 3-52 


Determine the tension in cables AB, AC, and AD, required to hold the crate of weight W in 


equilibrium. 
Given: 
W = 60 lb 
a=6ft 
b = 12 ft 
c= 8 ft 
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d= 9 ft ; 
e=4ft | 
f = 6 ft 

Solution: 


The initial guesses: 


Tp = 100 lb 
Tc = 100 lb 
Tp = 100 lb 
Given 
b b 
> F,=0; 3 - —=—T ¢ - —=———Tp = 0 
d e 
c f 
x F,=0; -W + ——————T; + ———————Tp = 0 
Solving 
TB TB) (108.84 
Tc | = Find(Tg.Tc. Tp) Iie || ay eS Iie 
Tp Tp 87.91 


Problem 3-53 


The bucket has weight W. Determine the tension developed in each cord for equilibrium. 


Given: 


W = 20 |b 
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a=2ft 
b = 2 ft 
c= 8 ft 
d=7 ft 
e=3ft t 
ea 
f=a 
Solution: 


Initial Guesses: Fp, = 20 |b Fpg = 101lb Fpcg = 15 lb 


Given 
c-e —e —e 
dié=e 2 ee er etd = by age Her Bis 
b d—b b 
en en, eT ee RET 
ez ey Sib ae 7 i oaerey ¢ ee pee Sen ae 
ah a f f 2 
BE ree WO 
Jes ar kh ka Ve wideby ae he kr eg 
Fpa 
Fpp | = Find(Fpa.F ps; Fpc) Fn 
Fy 
Foc | Fy, 
Fpa 21.54 
Fpp | =| 13.99 |Ib 
Pee czar , 


Problem 3-54 


The mast OA is supported by three cables. If cable AB is subjected to tension T, determine the tension 
in cables AC and AD and the vertical force F which the mast exerts along its axis on the collar at A. 


Given: 


T = 500 N 
183 
© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 


This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 3 


a=6m 
b=3m 
c=6m 
d=3m 
e=2m od ; 
f=1.5m . = : 
g=2m z 
Solution: : 


Initial Guesses: Fac = 90 N Fap = 350 N F = 750 N 


Given 
e b 
x F,=0; a ee Les ee, 
2 2 2 2 2 2 2 2 2 
ye +d +a Vf +g +a ybo+c +a 
d g Cc 
2eFy= "0; TT + PF ce - ————F sp = 0 
2 2 2 2 2 2 2 2 2 
ye +d +a Vf +g +a ybo+c +a 
-d a a 
x F,=0; TT > FF 0 —- — FF nt F=0 
2 2 2 2 2 2 2 2 2 
ye +d +a Vf tg +a ybo+c +a 
FAC Fac 92.9 
Fap = Find(Fac. Fap.F) Fap | =| 364.3 | N ¥ 
F F 757.1 


a 


Problem 3-55 


The ends of the three cables are attached to a ring at A and to the edge of the uniform plate of mass 
M. Determine the tension in each of the cables for equilibrium. 


Given: 


M = 150 kg e=4m 
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a=2m f=6m 
b=10m g=6m 
c=12m h=6m 
N 
d=2m i=2m DA 


m 
gravity = 9.81 ai 
S 

Solution: 


The initial guesses: 


Fp =15N 
Pe S46N 
Pe a6 N “ ! 
Given , 
Fa(f- i Pet{=d =e) Fp(-e) 
x F, = 0; —————————— ¢¥.— ———. + —_____—. = 0 
JG) Sh Se AGRE Shea Ve Ne kg Se 
Fp(-h) Fc[-(h- a)] Fp(g) 
x F,= 0; ——————————— ¢¥.— ———. + —__—. = 0 
Ga ete aise Sea ee afer eg ae 
Fp(-c) Fe(=s) Fif=c) 
x F,=0; —————— $+ + —__—_ + M gravity = 0 
VG obese Adee Shea ee Ye ag ee 
Fp FB 858 
Fc | = Find(Fg,Fc. Fp) Fo|=| 0 |N 
Fp Fp 858 


Problem 3-56 


The ends of the three cables are attached to a ring at A and to the edge of the uniform plate. Determine 
the largest mass the plate can have if each cable can support a maximum tension of T. 
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kN = 10°N 
Given: 
T = 15 kN e-4m 
a=2m f=6m 
b=10m g=6m i 
c=12m h=6m 
d=2m i=2m od 


m 
gravity = 9.81 oa 
s 


Solution: 


The initial guesses: Sy tees Oo ED et, Moke 


Case 1: Assume that cable B reaches maximum tension 


Given 
Fa(f-i FC(-d - e) Fyfe) 
= F,=0; ———————————— FO. +. ——————— _ = 0 
(=) er ee VEso Mhee oe Aeag ee 
Fp(-h) Fc[-(h - a)] Frog) 
= Fy= 0; ———————————— FO. + ————— _ = 0 
Gap rae (d+e)74+(h ee Vertgr te’ 
Fp(-0) FC(-c) Fp(-c) 
EF=0; a = gravity S00 
Gen se Re (d+e)74+(h atc Wher ogee 
M1 
. Find(M,F¢. Fp) ce ee ec 
C1 | = Find(M,Fc, = = ; 
ee Fp,) \15.00 . : 
Fp 
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Case 2: Assume that cable D reaches maximum tension 


Given 
Fp(f- i) FC(-d - e) Fp(-e) 
= F,=0; a 
Vf Sh ee” Adee Soest Ale hg a 
Fp(-h) Fcl-(h - a)] Fp(g) 
ZPFy=0; 00 ee 5 + — = 0 
Ja) Silke” AG seo se: Yea ee 
Fp(-c) Fc(-c) Fp(-c) : 
x F,= 0; ——— ———— $}_ ———_ + ——__—_ + M gravity = 0 
GAY Gh 2e . Aer ether te ae fer he 
M2 
F'po 15.00 
Fp2 | = Find(M,Fpg,Fc) = kN Mp = 2621.23 kg 
Foo 0.00 
Fico 


For this set of number F'- = 0 for any mass that is applied. For a different set of numbers it would be 
necessary to also check case 3: Assume that the cable C reaches a maximum. 


M = min(M;,M2) M = 2621.23 kg 


Problem 3-57 


The crate of weight W is suspended from the cable system shown. Determine the force in each 
segment of the cable, i.e., AB, AC, CD, CE, and CF. Hint: First analyze the equilibrium of point A, 
then using the result for AC, analyze the equilibrium of point C. 


Units Used: 
kip = 1000 lb 
Given: 
W = 500 Ib 
a = 10 ft 
b = 24 ft 
c = 24 ft 
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d=7 ft 


e=7 ft 


9; = 20 deg 


09 = 35 deg 


Solution: AtA: 


Initial guesses: Fac = 570 |b Fag = 500 lb 


Given 1 


= XF,, = 0; Fapcos( 41) = Fac cos( 62) =0 


aah SF,=0; Fapsin(6;) + Facsin( 62) - W = 0 


Fac Find(Fac, Fan) FAC 574 4 
= in . = 
Fap eerie Fap 500 ; 


At C: Initial Guesses 


Fop = 1 |b For = 1 1b For = 1\b 


Given 
cos( 62) -a 0 0 
Fcp FCE FCF 
Fac 0 + + d |+ -e|=0 
2 2 2 2. 2 2 
~sin( 2) a+b \ 5 Cond hog c +e \_¢ 
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ECD 
FCE 416 
Fce | = Find(Fep.Fce:Fcr) Fcp = 1.22kip = Ib 
FcR 416 
FCF 


Problem 3-58 


The chandelier of weight W is supported by three wires as shown. Determine the force in each 
wire for equilibrium. 


Given: 
W = 80 lb = : 
r=1ft 
h = 2.4 ft 

Solution: 

The initial guesses: 
Fap = 40 lb 
Fac = 30 lb 
Fap = 30 |b 

Given 


5 F,=0; _ rcos(45 EOS GES) Fe a, 


ar eee 
4 Te08(45 deg) 5. 
ie eae 
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h h 
x F,=0; Fac + —==$—F ap + Fap-W=0 
AC sad AB 
Vr r +h 
Fap FAB 35.9 
Fac | = Find(Fap.Fac.Fap) Fac | =| 25.4 |Ib 
Fap Fap 25.4 


Problem 3-59 


If each wire can sustain a maximum tension T,,,,, before it fails, determine the greatest weight 
of the chandelier the wires will support in the position shown. 


Given: 
Pie = 400-16 it : 
r=1ft 
h = 2.4 ft a - 
Solution: 
The initial guesses: 
FaB = Tmax 
Fac = Tmax 
Fap = Tmax 
W = Tmax 


Case 1 Assume that cable AB has maximum tension 


Given 
Gee 
x FY, = 0; aoe = age =0 
ee rap 
x F,=0 =0 
Jy ’ yerere, 
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x F,=0; Fac + Fap+ Fap- W=0 
r +h r +h r +h 
Wi Wi 267.4 
Faci | = Find(W, Fac, Fap) RAGIN e049 0b 


Case 2 Assume that cable AC has maximum tension 


Given 
eRe r 7 rcos(45 deg) La 
xaN 5 5 AC 5 5 AB = 
ro+h ro+h 
—r rcos(45 deg) 
x Fy=0; ———— F ap + —==———F pp = 0 
2 
r +h r +h 
h 
x F,=0; Fac + Fap+ Fap- W=0 
r +h r +h r +h 
Wo Wo 378.2 
Fapo | = Find(W, Fas, Fap) Fapo | =| 169.7 |Ib 
Fap2 Fap2 120 


Case 3. Assume that cable AD has maximum tension 


Given 
r rcos(45deg) 
x F,=0; ——— F ac - ——————F ap =0 
ro+h r +h 
—r rcos(45deg) 
x Fy=0; ————— F ap + —===— F gp = 0 
2 2 2 2 
r +h r +h 
h h 
x F,=0; ——— Fac + ———F ap + —— Faz - W = 0 
2 2 2 2 2 2 
r +h r +h ro+h 
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Chapter 3 
W3 W3 378.2 
Fap3 | = Find(W,F ap. Fac) Fap3 | =| 169.7 |Ib 
Fac3 Fac3 120 
W = min(W7, W2, W3) W = 267.42 Ib 


Problem 3-60 


Determine the force in each cable used to lift the surge arrester of mass M at constant velocity. 


Units Used: 
kN = 10° N f' 
Mg = 10° kg 
P 4\ i 
Given: [ j 
a) 
M = 9.50 Mg | | \ 
: ih j 
1 
a=2m : | | 
t / : 
b=05m | } || \C<e 
Fi F Fi le 
0 = 45 deg - ~—e a 
: ‘ 
Solution: 
Initial guesses: FR = 50 kN Fc = 30 kN Fp = 10 kN 
Given 
a b bcos(@) i 
LF, = 0; a ey oe aca Ge 
b +a b +a 
~bsin( 6) b 
mee Fo——— + Fp———. = 0 
LF, = 0; 2 2 2 
b +a b +a 
a a a 
=F,=0; Mg-FRa——— -Fo—— -Fp——- = 0 
2 2 2 2 2 
b +a b +a b +a 
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FB FB 28.13 
Fc | = Find(Fg, Fc. Fp) Fc | = | 39.78 | kN 
Fp Fp 28.13 


Problem 3-61 


The cylinder of weight W is supported by three chains as shown. Determine the force in each 
chain for equilibrium. 


Given: 
Ww _ 800 lb PF D 135 ? Fo 
M Come mae a Hy —y 
f Aw) I 900 | 135 
r=1ft Cc 
we 
d=1ft — d 
Solution: 
The initial guesses: “ 
Fag = 1 1b 
Fac = 1b 
Fap = 1 1b 
Given 
r rcos(45 de 
x F,=0; a py a 
2 2 2 2 
Vr +d Vr +d 
= rsin(45 de 
x Fy 0; F + ee. =0 
eo + e r+ & 
> F,=0; 5 Fap + Fact Fap-W=0 
Cd r +d r +d 
FAB FAB 469 
Fac | = Find(Fap. Fac; Fap) Fac 331 
Fap Fap ) = \331/ Ib 
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Problem 3-62 


The triangular frame ABC can be adjusted vertically between the three equal-length cords. If it 
remains in a horizontal plane, determine the required distance s so that the tension in each of the 


cords, OA, OB, and OC, equals F. The lamp has a mass M. 


Given: W 
F=20N 
BLY 
M=5kg T d 
95 = ’ | 
aaa: 
S ; ( 
i 5 
d=05m ) 
l/ 
Solution: 08 
<> 
2F,=0;  3Fcos(y) = Mg a 
ug 35.16d 
= acos| — = 35.16de 
Y 3F Y g 
2dcos(30 de 
Geometry aa = stan(y) 
2d 30 d 


3 tan( 7) 


Problem 3-63 


Determine the force in each cable needed to support the platform of weight W. 


Units Used: 


kip = 10° Ib 
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Given: 


W = 3500 Ib d=4ftt 


park See 
c=4ft g = 10 ft 
W 
Solution: Fyy Fy, 
t li 

The initial guesses: 

Fag = 1 1b Fac = 11b 
Given 


b 


- c-d Cc 
Vg +(e-a +b V(c-d)? +e? +97 (CEPeg 


Fap = 0 


e-a e f 
————_-F apn + ——————— F 4c - ———————— F 48 = 0 
Vg +(e-a7 +b" Jer +(c-d)? +97 Ue ep tgs 


Fapt+W=0 


“9 g g 
2 2 5 2 2 aca 2 2 2 
Vg +(e-a) +b ye +(c-d)° +g Vg +f +e 


Fap FAB 1.467 
Fac | = Find(Fap.Fac.Fap) Fac | =| 0.914 |kip 
Fap Fap — 
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Problem 3-64 


A flowerpot of mass M is supported at A by the three cords. Determine the force acting in each 
cord for equilibrium. 


Given: 
M = 25 kg 
=9.91-— 
g=4. 
s 
0; = 30 deg 
07 = 30 deg 
63 = 60 deg ‘ 
04 = 45 deg 
Solution: 


Initial guesses: 


Fap =1N 

Fap =1N 

Fac =1N 
Given 


2F,=0; Fapsin(6) — Facsin( 4) = 0 
2P =O; -~Fapcos( 1) sin( 03) - Fac cos( 62) sin( 03) + Fap sin( 04) =0 


LF, = 0; Fapcos( 6;) cos( 43) + Fac cos( 62) cos( 3) + Fapcos( 04) -Mg=0 


Fap FAB 219.89 
Fac | = Find(Fag.Fac.Fap) Fac | =| 103.65 | N 
Pa Bap) 103.65 


Problem 3-65 


If each cord can sustain a maximum tension of T before it fails, determine the greatest weight of the 
flowerpot the cords can support. 
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Given: 

T=50N 

0; = 30 deg 

07 = 30 deg 

03 = 60 deg 

04 = 45 deg — 
Solution: 


Initial guesses: 


Fap = T 
Fap = T 
Fac = T 
W=T 


Case 1 Assume that AB reaches maximum tension 
Given 


=F, = 0; Fapsin( 0) - Facsin( 62) = 0 
LF, = 0; -F ap cos( 41) sin( 03) — Fac cos (2) sin( 03) + Fap sin( 04) =0 


LF, = 0; Fapcos( 41) cos( 43) + Fac cos( 62) cos( 3) + Fapcos( 04) -W=0 


W1 Wi 55.77 
Facy | = Find(W, Fac, Fap) Facy | =| 23.57 | N 


Case 2 Assume that AC reaches maximum tension 
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Given 


SF, = 0; Fapsin( 67) — Facsin( 62) = 0 
LF, = 0; ~Fapcos( 67) sin( 03) — Fac cos( 02) sin( 03) + FaR sin( 04) =0 


2xF, = 0; Fapcos( 01) cos( 03) + Fac cos( 62) cos( 03) + Fapcos( 04) -W=0 


Wo W2 118.30 
Fap2 | = Find(W, Fag. Fap) Fapz | =| 106.07 | N 


Case 3. Assume that AD reaches maximum tension 
Given 


LF, = 0; Fapsin( 67) am Facsin( 4) = 0 
LF, = 0; ~Fapcos( 67) sin( 03) — Fac cos( 02) sin( 03) + FAR sin( 04) =0 


2XF, = 0; Fapcos( 01) cos( 63) + Fac cos( 62) cos( 63) + Fapcos( 4) -W=0 


W3 W3 118.30 
Fap3 | = Find(W,F ap. Fac) F,p3 | =| 106.07 | N 
FAc3 Fac3 50.00 

W = min(W7, W2, W3) W = 55.77 N 

198 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 3 


Problem 3-66 


The pipe is held in place by the vice. If the bolt 
exerts force P on the pipe in the direction 
shown, determine the forces F', and F', that the 


smooth contacts at A and B exerton the pipe. 


Given: 
P = 50 lb 
0 = 30 deg 
c=3 
d=4 
Solution: 


Initial Guesses Fa = 1 1b Fg =11b 


Given 
+ d 
— > F,=0; Fp -Fasin(6) —P =0 
o + & 


ts Fy=0; ~Facos(6) + ieaed iG 


FA Fa 34.6 
= Find(F,, Fp) = Ib 
Fp Fp 57.3 


Problem 3-67 


When y is zero, the springs sustain force Fy. Determine the magnitude of the applied vertical 
forces F and -F required to pull point A away from point B a distance y,. The ends of cords 
CAD and CBD are attached to rings at C and D. 
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Given: 


ya= 2 it 


Solution: 


Initial spring stretch: 
Fo 
Ss] = “ke sj = 1.50 ft 


Initial guesses: 


F5=1lb T=1b F=1b 


Given 
V1 
F-—T=0 
2d 
Fs 
F,\ (70.72 
T | = Find(Fs,T, F) = Ib F = 40.83 Ib 
T 81.66 
F 


Problem 3-68 


When y is zero, the springs are each stretched a distance 6. Determine the distance y if a force 
F is applied to points A and B as shown. The ends of cords CAD and CBD are attached to 
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rings at Cand D. 
Given: 
oO = 1.5 ft Leet se , 
y 
] f\ iS: | A 
paa6 > AANA : | AWW —— | 
ft k : | : 
d=2ft 
F = 60 lb 
Solution: 


Initial guesses: 
Fre =1lb T=1)b y=1ft 


Given 


Fs 

Fs\ (76.92 

T | = Find(Fs,T, y) = Ib y = 2.46 ft 
T 


y 


Problem 3-69 


Cord AB of length a is attached to the end B of a spring having an unstretched length b. The other 
end of the spring is attached to a roller C so that the spring remains horizontal as it stretches. If a 
weight W is suspended from B, determine the angle @ of cord AB for equilibrium. 
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Given: a ' Je R 
a=d5ft 
b=5ft ! 
] 
k = 10 a 
ft 
W = 10 lb ( 
NN 
Solution: k 


Initial Guesses 


Fpa = 1 1b 

Fsp = 11b 

0 = 30 deg \ 
Given 


Fp — Fpacos( 6) =0 


Fpasin( 6) — W = 0 


Fp = ka = acos(6)) 


ie F 11.82 
S Fi 
Fpa | = Find(Fsp.Fpa. 9) aa Ib 6 = 40.22 deg 
FpA 15.49 
0 


Problem 3-70 


The uniform crate of mass M is suspended by using a cord of length / that is attached to the sides of 
the crate and passes over the small pulley at O. If the cord can be attached at either points A and B, or 
C and D, determine which attachment produces the least amount of tension in the cord and specify 
the cord tension in this case. 
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Given: 
M = 50 kg 
S9ei— 
g=4. 9 
S 
a=06m 
b=15m 
l1=2m 
a ~ 
c=- 
2 ~ 
b 
d=-— 
2 
Solution: 
Case 1 Attached at A and B Guess T=1N 
2 
l 
Gls 
Given Mg- ge = 2T=0 T, = Find(T) T, = 370.78 N 
3 
Case 2 Attached at C and D Guess T=1N 
5 —=¢ 
Given Mg-|-~~——pT=0 Tz = Find(T) 2 = 257.09 N 
9 
Choose the arrangement that T= min(Tj ; T2) T = 257.09 N 


gives the smallest tension. 


Chapter 3 


Problem 3-71 


The man attempts to pull the log at C by using the three ropes. Determines the direction 
0in which he should pull on his rope with a force P, so that he exerts a maximum 
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force on the log. What is the force on the log for this case ? Also, determine the direction 
in which he should pull in order to maximize the force in the rope attached to B.What is this 
maximum force? 


Given: 
P = 80 lb 
@ = 150 deg 


Solution: 


Ay sy #6: Fap + Pcos(6) — Facsin(¢ — 90 deg) = 0 


2 F,= 0; Psin( 0) — Faccos(¢ — 90 deg) = 0 


Fac = __Psin() In order to maximize FAC we choose sin( 6) =1 
cos(¢ = 90deg) 


P sin( 6) 


Thus 8 = 90 de Fac = ——— 
= aC cos(¢ 7 90deg) 


Fac = 160.00 lb 


Now let's find the force in the rope AB. 


Fap=-—P cos(@) + Facsin(¢ — 90 deg) 


Fap= P cos(8) =o a) 


sin(@) sin(¢ — 90 deg) = cos( 6) cos(¢ — 90 deg) cos(6 +o - 90deg) 
F,R = Ps = Ps 
cos(¢ — 90 deg) cos(¢ — 90 deg) 


204 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Chapter 3 


Engineering Mechanics - Statics 


In order to maximize the force we set cos( + @— 90 deg) =-l 


0+ @- 90 deg = 180 deg 
6 = 270 deg — @ @ = 120.00 deg 


cos(0 + ¢- 90 deg) 
FaR = —P ———— Fap = 160.00 Ib 
i cos( ¢ — 90 deg) a8 


Chapter 3 


Problem 3-72 


The "scale" consists of a known weight W which is suspended at A from a cord of total length L. 
Determine the weight w at B if A is at a distance y for equilibrium. Neglect the sizes and weights of 


the pulleys. 


B 


Solution: 


Al SF,=0; 2Wsin(@) - w= 0 


2 2 
L- d 1 
Geometry h= (2) = (S) er (L - y)? = ae 


205 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 3 


Problem 3-73 


Determine the maximum weight W that can be supported in the AL [on 
position shown if each cable AC and AB can support a maximum vd =, 


tension of F before it fails. % ie 
q eit 


Given: 


0 = 30 deg Nap 


F = 600 lb 


Solution: 


lI 
es] 


Initial Guesses Fap =F Fac =F Ww 


Case 1 Assume that cable AC reaches maximum tension 


d 
Given Facsin( 6) - ————F ag = 0 
2 2 
c +d 
Cc 
Faccos(6) + ————F ap - W=0 
2 2 
c +d 
Wi Wi 1239.62 
= Find(W, Fp) = lb 
Fapi FaBi 780.00 


Case 2 Assume that cable AB reaches maximum tension 
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Given Fac sin( 6) — ——— F pp = 0 


Cc 
Faccos(6) + —Fap-W=0 


c+ Fe 
W2 W2 953.55 
= Find(W, Fac) = Ib 
Faco Faco 461.54 
W = min(W7, Wo) W = 953.6 Ib 


Problem 3-74 


If the spring on rope OB has been stretched a distance 6. and fixed in place as shown, determine the 
tension developed in each of the other three ropes in order to hold the weight W in equilibrium. Rope 


OD lies in the x-y plane. 
Given: 
a = 2 ft Fran } M 
we aif 
b=4ft fp, / 
c=3 ft ‘ V4 
fi i \ é mf 
d= 4 ft F a " ) a3 
e=4 ft ‘ f d 
fa4ft 
xp = -2 ft 
YB = —3 ft 
lam 
zB = 3 ft ‘ 
i \ 

0 = 30 deg ‘ 

Ib 
k = 20 — 

in 
6 =2in 
W = 225 |b 
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Solution: 


Initial Guesses_ Fo, = 10 Ib Foc = 10lb Fop = 101lb 


Given 


Foat ké 6) =0 


XB —d : 
i Ge Pps 
2 2 2 2 2 2 
| XB + yp +2ZB yd +e +f 
YB f 
—————— Fo + Fcopcos(8) =0 
2 2 2 2 2 2 
| XB + yp +2ZB Vd +e +f 


— 
faethe’ 
pea ae = 
Paeh ee 


Foat+ ko 


Foat+ ko Foc -W=0 


a ZB e 

a ——— I ™™========_=_=—s 
2 2 2 2 2 2 2 2 2 
a+b +c xp +yp +2B d +e +f 


FOA FOA 201.6 
Foc | = Find(Foa. Foc, Fop) Foc | =| 215.7 |b 
Fop Fop 58.6 


Problem 3-75 


The joint of a space frame is subjected to four 
member forces. Member OA lies in the x - y plane 
and member OB lies in the y - z plane. Determine the = ad F| 
forces acting in each of the members required for “~ 

ice aa , O 
equilibrium of the joint. F; We 


Given: a lp @ 


a oe, 
F4 = 200 Ib 
6 = 40 deg | Me 


@ = 45 deg 
Solution: 


The initial guesses: Fy = 200 lb F > = 200 lb F3 = 200 lb 
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pie a ok Ba oo cos(¢) = Fcos(6) =0 
= F,=0; -F;sin(¢) = 0 


= F,=0; Fosin(@)-F4=0 


Fp | = Find(F,,F2,F3) 


Ey 0 
F> | =| 311.1 |b 
F3 238.4 
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Problem 4-1 


If A, B, and D are given vectors, prove the distributive law for the vector cross product, i.e., 
Ax (B+D) = (Ax B) +(AxD). 


Solution: 


Consider the three vectors; with A vertical. 


Note triangle obd is perpendicular to A. 


od = |Ax (B+D)| = |A|(|B+D])sin(43) 


ob = [Ax B| = [A| [B| sin(0;) a 


(AxB) Ax(B+D) 
bd = |Ax D| = [AI [BI sin(4) 


(xD 
Also, these three cross products all lie in the plane 
obd since they are all perpendicular to A. As noted , Ma 
the magnitude of each cross product is rf 
proportional to the length of each side of the ” oa 
triangle. » af AxB 
A~(B+D 

' 

The three vector cross - products also form a P, 4x D 


closed triangle o'b'd' which is similar to triangle obd. 
Thus from the figure, 


Ax(B+D)=AxB+AxD (QED) 


Note also, 


Ax (B+D) = Ax Ay A; 
By+ Dx By+Dy Bz+D; 


= [Ay(B, + Dz) - A{By + Dy)]i-[Ax(Bz + Dz) — A,(By + Dx)]j + [Ax(By + Dy) - Ay(Bx - Dy)]k 


= [(AyB, — A;By)i— (A,B, — AzBx)j + (Ax By — AyBy)k] ... 
+[(AyDz - AzDy)i - (AxDz - AzD,)j + (AxDy - Ay Dx)k] 
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ij k ij k 
Ay Ay Az || 4 || Ax Ay Az 


(Ax B)+(AxD) (QED) 


Problem 4-2 

Prove the triple scalar product identity A-(B x C) = (A x B)- C. 
Solution: 

As shown in the figure 

Area = B(Csin(6)) = |Bx C| 

Thus, 

Volume of parallelopiped is |B x C| |h| 


But, 
BxC 
| h| = [Au | = {|A-| ———— 
BC IBx C| 


Thus, 


Volume = |A-(Bx C)| 
Since |A x B-C| represents this same volume then 
A-(Bx C) = (Ax B)-C (QED) 
Also, 
LHS = A-(Bx C) 
ij k 
= (Ayi+ Ayj + Ack)|| Bx By By 
x G C 


Ax(By Cz — Bz Cy) — Ay(By Cz — BzCx) + Az(Bx Cy — By Cy) 


RHS = (Ax B)-C 
211 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 4 


ij k 
Ay Ay Az |I(Cyi + Cyj + Crk) 


= C,(AyB; — AzBy) — C,(Ay Bz — AzBx) + C,{Ax By — Ay Bx) 
Thus, LHS = RHS 


A-Bx C = Ax B-C (QED) 


Problem 4-3 


Given the three nonzero vectors A, B, and C, show that if A- (B x C) = 0, the three vectors 
must lie in the same plane. 


Solution: 
Consider, 


|A-(Bx C)| = |A| [Bx C| cos(6) 


(|A| cos(4))|B x C| 


[hl [Bx c| 


BC |h| sin(¢) 


= volume of parallelepiped. 


If A-(B x C) = 0, then the volume equals zero, so that A, B, and C are coplanar. 


Problem 4-4 


Determine the magnitude and directional sense of the resultant moment of the forces at A and B 
about point O. 


Given: 
Fy, = 40 lb 
F> = 60 lb 
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0, = 30 deg , 
O02 = 45 deg 
a=5in i 
| 
b = 13 in > “HA 9) 
all 
c=3in 
‘J 5 
d=6in T HE: 
: { S f 
e=3in Py 
- ! al } 
: \ 
f = 6in 
Solution: a 


\ Mro =2Mo3 Mro = F1 cos(A2)e -—Fy sin( 2) f - Fo cos( 07) b? - a — Fo sin(1)a 


Mro = -8581b-in |Mgo| = 8581b-in 


Problem 4-5 


Determine the magnitude and directional sense of the 
resultant moment of the forces at A and B about 


point P. K, 
Units Used: i. “HA i) 
= 
kip = 1000 Ib 
u 
Given: ' Tt ; re & 
F, =40lb b=13in pe : 


- i a 


Fz = 60 lb c=3in 


6, = 30deg d=6in 


62 = 45 deg e=3in 


a=5in f =6in 
Solution: 


\ Mpp==Mp; Mpp = F1 cos( O2)(e +c)-Fy sin( A2)(d + f) — Fo cos( 01)ly b? - a + d) soi 
+ —-F2 sin( 0)(a —c) 
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Mpp =~-1165]b-in — |Mpp| = 1.17kip-in 


Problem 4-6 


Determine the magnitude of the force F that F 
should be applied at the end of the lever such 
that this force creates a clockwise moment M 1 


about point O. } 
a 
Given: ] ; 
M =15Nm y/ , 
@ = 60 deg y ji 
A y 
0 = 30 deg Mp h 
a = 50 mm . 
b = 300 mm 0) — \ 
ar ° 
Solution: ’ 


fh EOE) =e OGR 


M 


* = eo l@e baila) = neal) 


F=77.6N 


Problem 4-7 


Determine the angle 8 (0 <= @<= 90 deg) so that the force F develops a clockwise moment M 
about point O. 


Given: 


F=100N_ ¢ = 60 deg 
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M =20N-m a = 50 mm ) 
0=30deg b= 300mm 
Solution: 


Initial Guess 0 = 30 deg 
Given 


M= F cos(@)(a + bsin(¢)) - F sin(6)(bcos(¢)) 


6 = Find(6) 6 = 28.6 deg 


Problem 4-8 


Determine the magnitude and directional sense of the moment of the forces about point O. 


Units Used: \ 
| 
| 
r u 
kN = 10° N 
Given: 
Fp =260N e=2m tp 


Ss 
I 
Ww 
B 
© 
I 


d=2m Fa = 400 N Lo fit of 
| 
Solution: 
_ Bagi i 
1 Mo = Fasin(6)d + Facos(@)c + ed +e) 
Vi-+¢ 
Mo = 3.57 kN-m (positive means counterclockwise) 
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Problem 4-9 


Determine the magnitude and directional sense of the moment of the forces about point P. 


Units Used: i 


kN = 10° N C “ ya 


Solution: 


b+Fp e — Fasin(0)(a — d) + Facos(O)(b + c) 


\ Mp = Fg —“— ae ae 
pgs VP+o 


Mp = 3.15 kN-m (positive means counterclockwise) 


Problem 4-10 


A force F is applied to the wrench. Determine the moment of this force about point O. Solve 
the problem using both a scalar analysis and a vector analysis. 


216 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 4 


Given: A 
F = 40 N a 7 
@ = 20 deg | ee A 
a = 30 mm . 
b = 200 mm 


Scalar Solution 
( Mo = -F cos(6) b+ F sin(@) a 
Mo = -7.11N-m |Mo| = 7.11N-m i 


Vector Solution 


b -F sin(6) 0 
Mo =| a |x| -F cos(6) Mo=| 0 |N-m |Mo| = 7.107 N-m 
0 0 avi 


Problem 4-11 


Determine the magnitude and directional sense of the resultant moment of the forces about 
point O. 


Units Used: ? 


kip = 10° Ib 


Given: 
F,; = 300 lb e=10ft 


Fo =250lb f=4 


a=6ft g=3 
beat 6 = 30 deg 
c=4ft ¢ = 30 deg 
d=4ft 
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Solution: 


f 
| My = F7 ——— 
( sy Pea 


Mo = 2.42 kip- ft 


esin() + Fo 


Chapter 4 


ecos(¢) + Fy sin( 6)a —Fy cos(6)b 


positive means clockwise 


Problem 4-12 


To correct a birth defect, the tibia of the leg is straightened using three wires that are attached 
through holes made in the bone and then to an external brace that is worn by the patient. 
Determine the moment of each wire force about joint A. 


Given: 
F, =4N d=0.15m 
Fo =8N e = 20 mm 
F3 =6N f = 35 mm 
a=0.2m g = 15mm 
b=035m 6, = 30 deg 
c=0.25m 6) = 15 deg 

Solution: 

Mai = F1 cos( 02)d + Fy sin( A2)e 
Maz? = Fo(c+d) 


Ma3 = F3 cos(67)(b + c+ d) — F3 sin(0,)g Ma3 = 3.852N-m 


Problem 4-13 


Positive means counterclockwise 


Maz = 0.6N-m 


Map = 3.2N-m 


To correct a birth defect, the tibia of the leg is straightened using three wires that are attached 
through holes made in the bone and then to an external brace that is worn by the patient. 
Determine the moment of each wire force about joint B. 


Given: 


F, =4N 


d=0.15m 
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Fo =8N e=20mm [ 


pa es 
| | 
\ | 
F3=6N f=35mm ’ . 
ad i | 
él fides | 
a=02m g=15mm } ‘i h ee J A. 
4) So 
‘ f : i — F 
b=0.35m 6; = 30 deg | ee 


c=0.25m 6) 


lI 
= 
ou 
a 
ie) 

ga 

_— 


: \ Ne al 
Solution: \ +] 


Positive means clockwise \ | 


Mpi = Fi cos( O2)(a +b+c)-Fy sin(@2)e Mpi = 3.07 N-m 


Mp2 = F2(a +b) Mp2 = 4.4N-m LURRY 


Mp3 = F3cos(61)a + F3sin(01)g Mp3 = 1.084N-m 


Problem 4-14 


Determine the moment of each force about the bolt located at A. 


Given: 


Fp=40lb a=25ft a@=20deg y=30 deg 


Fo = 50 lb b 


0.75 ft £ = 25 deg 
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Solution: 
\ Mpg = FB cos(B)a 


Mp = 90.6 lb-ft 


& Mc =Foc cos(y)(a + b) 


Mc = 141 1b-ft 


Problem 4-15 
Determine the resultant moment about the bolt located at A. 
Given: 
Fp = 30 lb 
Fo = 45 lb 
a = 2.5 ft 


b = 0.75 ft 


a = 20 deg 


B = 25 deg 


y = 30 deg 


Solution: 


v Ma = Fp cos(B)a + Fo cos()(a + b) Ma = 195 |b- ft 


Problem 4-16 


The elbow joint is flexed using the biceps brachii muscle, which remains essentially vertical as 
the arm moves in the vertical plane. If this muscle is located a distance a from the pivot point 
A on the humerus, determine the variation of the moment capacity about A if the constant 
force developed by the muscle is F’. Plot these results of M vs.6 for -60 < 6 < 80. 
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Units Used: 
kN = 10° N 
Given: e 
a = 16mm 
F = 2.30 kN 
0 = (-60.. 80) 
Solution: 


M,(8) = F (a) cos(6 deg) 


50 


—50 0 50 100 


Problem 4-17 


The Snorkel Co.produces the articulating boom platform that can support weight W. If the 
boom is in the position shown, determine the moment of this force about points A, B, and C. 


Units Used: 


kip = 10°lb 
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Given: 
a= 3 ft 
b = 16 ft 
c= 15ft 
0; = 30 deg 
02 = 70 deg 
W = 550 lb 
Solution: 
Ma = Wa Ma = 1.65 kip- ft 
Mp = W(a +b cos(6;)) Mp = 9.27 kip: ft 
Mc = W(a+b cos(@) - c cos(62)) Mc = 6.45 kip: ft 


Problem 4-18 


Determine the direction 0 (0° < @ < 180°) of the force F so that it produces (a) the maximum 


moment about point A and (b) the minimum moment about point A. Compute the moment in 
each case. 


Given: 


F = 40 lb 


a = 8ft 


b = 2 ft 
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Solution: The maximum occurs when the force is 
perpendicular to the line between A and the point of 
application of the force. The minimum occurs when the 
force is parallel to this line. 


A 
“ 
(a) \Mamax = F¥a7+b% — Mamax = 329.848 Ib-ft oF 
b <a) 
da = sian(2) bq = 14.04 deg , a 
a 
0 = 90 deg = da 0 = 76.0 deg 
(b) f Mamin = 0 lb-ft Mane euiben 
b 
ob = san(2) bp = 14.04 deg 
a 
Op = 180 deg — @p Op = 166deg 


Problem 4-19 


The rod on the power control 
mechanism for a business jet is 
subjected to force F. Determine the 
moment of this force about the 
bearing at A. 


Given: 
F = 80N 0, = 20 deg 


a= 150mm @) = 60 deg 


Solution: 


\ Ma = F cos( 67)(a) sin( 02) = Fsin(1)(a) cos (2) Ma = 7.71N-m 


Problem 4-20 


The boom has length L, weight W,, and mass center at G. If the maximum moment that can be 


developed by the motor at A is M, determine the maximum load W, having a mass center at G’, 
that can be lifted. 
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Given: 

L = 30 ft 
Wp = 800 lb 
a = 14ft 

b = 2 ft 

0 = 30 deg 


M = 20x 10° lb-ft 
Solution: 
M = Wp (L-a) cos( 6) +W (L cos(6) + b) 


M — Wp (L-a) cos( 8) 


W = 319|b 
L cos( 6) +b 


Problem 4-21 


The tool at A is used to hold a power lawnmower blade 
stationary while the nut is being loosened with the 
wrench. If a force P is applied to the wrench at B in the 
direction shown, determine the moment it creates about 
the nut at C. What is the magnitude of force F at A so 
that it creates the opposite moment about C ? 


Given: 


P=50N b = 300 mm 
c=5 


0 = 60 deg 
a=400mm d= 12 


Solution: 
(a) f Ma = Psin(6)b 


Ma = 13.0N-m 
d 
(®) f Ma - F ————a = 0 
a 
c +d 
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Problem 4-22 


Determine the clockwise direction 0 (0 deg < 0 < 180 deg) of the force F so that it produces 


(a) the maximum moment about point A and (b) no moment about point A. Compute the 
moment in each case. 


Given: ig a "| 
F = 80 lb 2 — = —- 
a=4ft hb 
b=1ft ‘ 
“ 
Solution: F 
+ = 242 a 
b u 
@ = atan| — @ = 14.0deg = ¥ 
a “jg 
0, =90deg+¢ 0 = l0Adeg x 
(b) Mamin = 9 
b 
OD = san(2) Op = 14.04 deg 
a 


Problem 4-23 


The Y-type structure is used to support the high voltage transmission cables. If the supporting 
cables each exert a force F on the structure at B, determine the moment of each force about 
point A. Also, by the principle of transmissibility, locate the forces at points C and D and 
determine the moments. 
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Units Used: 

kip = 1000 Ib 
Given: 

F = 275 |b 

a = 85 ft 

0 = 30 deg 
Solution: 


\ Mai =F sin( 6) a 

f Ma? = Fsin(0)a 

Also b= (a)tan(@) 
Mai = Fcos(6)b 


Ma? = Fcos(6)b 


Chapter 4 


Maj = 11.7 kip- ft 


Map = 11.7 kip-ft 


Maq = 11.7 kip- ft 


Map = 11.7kip-ft 


Problem 4-24 


The force F acts on the end of the pipe at B. Determine (a) the moment of this force about point 
A, and (b) the magnitude and direction of a horizantal force, applied at C, which produces the 


same moment. 


Given: 
F =70N 
a=09m 
b=0.3m 
c=0.7m 
0 = 60 deg 
Solution: 


(a) ( Ma =F sin( 6) c+F cos( 6) a 
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(b) Fo (a)=Ma’ Fo=— Fo = 82.2 N 


Problem 4-25 


The force F acts on the end of the pipe at B. Determine the angles 8 (0° < 6 < 180°) of 


the force that will produce maximum and minimum moments about point A. What are the 
magnitudes of these moments? 


Given: F = 
F = 70N | 
a=09m 
b =0.3 m a 
c=0.7m I 
Solution: a 
—— LL = 7) 
‘ q ib j | qT : , 
( Ma = Fsin(6)c + Fcos(O)a ( ee 7 B 
; d ; 
For maximum moment —M, =cF cos(@) = aF sin(0) =0 
dé 
c 
Omax = sion =) Omax — 37.9 deg 
a 
Mamax = F sin( O@max)¢ + F cos( Omax)a MaAmax = 79.812 N-m 


For minimum moment Ma = Fsin(8)c +F cos(@)a =0 


Omin = 180 deg + sn) Omin = 128 deg 
Cc 


Mamin = F c sin( Omin) + F (a) cos( Omin) Mamin = 0N-m 


Problem 4-26 


The towline exerts force P at the end of the crane boom of length L. Determine the placement 
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x of the hook at A so that this force creates a maximum moment about point O. What is this 
moment? 


Unit Used: 
kN = 10° N 
Given: 
P=4kN 


C= 20m 


0 


30 deg 


a=15m l , -| 
Solution: 
Maximum moment, OB | BA 
Guesses x=1m d = 1m (Length of the cable from B to A) 


Given Lcos(6) + dsin(@) =X 


a+ Lsin( 8) = dcos( 8) 


x 
(*) = Find(x,d) x = 23.96 m 


Mmax = P L Mmax = 80kN-m 


Problem 4-27 


The towline exerts force P at the end of the crane boom of length L. Determine the position 0 of 
the boom so that this force creates a maximum moment about point O. What is this moment? 
Units Used: 


kN = 10° N 
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Chapter 4 
Given: 
P=4kN 
x= 25m 
L=20m \ 
a=1.5m \ 
Solution: ‘ 


Maximum moment, OB | BA 
Guesses 0 = 30 deg d=1m_ (lengthof cable from B to A) 
Given Lcos(6) + dsin(@) =x 

a+ Lsin(8) = dcos( 8) 


0 
(*) = Find(6, d) 6 = 33.573 deg 


Mmax = PL Mmax = 80kN-m 


Problem 4-28 


Determine the resultant moment of the forces about point A. Solve the problem first by 
considering each force as a whole, and then by using the principle of moments. 
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Units Used: 0, 
F, Pa 
kN = 10°N \ 
———EEE. © 
Given: 
re a a Dd hb 
F, =250N a=2m 
F> =300N b=3m 
F3 =500N c=4m 
6, =60deg d=3 
627 = 30 deg e=4 
Solution Using Whole Forces: 
d d e 
Geometry a = atan| — L =|a+b--c|— 
e e 2 2 
e +d 
Ma = -Fj](a)cos(62)] — F2(a + b) sin(0;) — F3L Ma = -2.532kN-m 


Solution Using Principle of Moments: 


d 
Ma, = -F1 cos(02)a = Fpsin(41)(a + b) + F3 ———c - Fy-—— (4 + b) 
2 2 2 2 


Ma = -2.532 x 10° N-m 


Problem 4-29 


If the resultant moment about point A is M clockwise, determine the magnitude of F. 
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Units Used: 
kN = 10° N 
Given: 


M=48kN-ma=2m 


F, =300N b=3m 


Fo =400N c=4m 


0; =60deg d=3 
62 = 30 deg e=4 
Solution: 


Initial Guess F3=1N 


Given 


Chapter 4 


—-M =-F 1 cos(O2)a — Fp sin())(a +b) + F3 


F3 = Find(F3) — F3 = 1.593kN 


Problem 4-30 


The flat-belt tensioner is manufactured by the Daton Co. and is used with V-belt drives on 
poultry and livestock fans. If the tension in the belt is F, when the pulley is not turning, 
determine the moment of each of these forces about the pin at A. 
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Given: 
F = 52 |b 
a =8in 
b=5in 
c=6in 
0; = 30 deg 
09 = 20 deg 
Solution: = hin 


f- Mai = F cos(6;)(a cs ccos(67)) = Fsin(01)(b = csin(1)) 


Maz = 542 \b-in 


f Ma? = F cos(69)(a = ccos( 62)) an F(sin(62))(b + csin( @2)) 


Map? = -10.01 lb- in 


Problem 4-31 


The worker is using the bar to pull two pipes together in order to complete the connection. If he 
applies a horizantal force F to the handle of the lever, determine the moment of this force about 
the end A. What would be the tension T in the cable needed to cause the opposite moment about 
point A. 


Given: 


F=80lb 06; =40deg 06) = 20 deg a=05ft b=45 ft 
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Solution: 
& Mag = F(a+b) cos( 07) 


My = 306 lb-ft 


Require Ma = Tcos(@2)(a) cos (01) + Tsin(@)(a) sin( 07) 


Ma 


* = [ay(cos(G2) cos(A1) + sin( 4) sin(0;)) T = 652 Ib 


Problem 4-32 


If it takes a force F to pull the nail out, determine the smallest vertical force P that must be 
applied to the handle of the crowbar. Hint: This requires the moment of F about point A to be 
equal to the moment of P about A. Why? 


Given: 
F = 125 |b 
a = 14in 
b = 3 in 
c=1.5in 
0; = 20 deg 
02 = 60 deg 
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Solution: 


( Mr = Fsin(62)(b) Mp = 325]b-in 


Mr 


7 (a) cos( 07) + (c) sin( 0) Resa 


( P [(a)cos( 47) + (c)sin(41)] =Mr P 


Problem 4-33 


The pipe wrench is activated by pulling on the cable segment with a horizantal force F. 
Determine the moment M, produced by the wrench on the pipe at @& Neglect the size of the 


pulley. " _ 7 
Given: 
F = 500 N 
a=0.2m 
b=05m 
c=04m 
6 = 20 deg =: 
D 
Solution: 
Initial Guesses a COLUSA =u 
" ~~  F; 
Ss ht 
@ = 20 deg a 
PR Ny fh —c-sint 
Ma, = 1N-m a) PN 
p ‘dy ~ 
hy » 1 = 
Given Ph > ad 
ane 7 ) 
b — csin(@ oe ~ 
b-csin(@) = tan(¢ — 6) Fy 
ccos(8) —a son. 
e vibe? 
Ma = Fcsin() 
é ; 
= Find(¢,Ma) ¢ = 84.161 deg Ma = 199N-m 
MA 
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Problem 4-34 


Determine the moment of the force at A about point O. Express the result as a Cartesian vector. 


Given: = 
A 
60 i 
F =| -30|N ‘ 
~20 K | | / 
| fons 
a=4m d=4m F & 
b=7m e=6m ~< —F a 7) 
c=3m f=2m ~ d 
_—— 7 
Solution: Ye 
4 @—! 
" P 
—c 260 
roa =| —D Mo = roax F Mo =| 180 | N-m 
a 510 


Problem 4-35 


Determine the moment of the force at A about point P. Express the result as a Cartesian vector. 


Given: 


60 : 
F =| -30|N 
~20 
“ 
Solution: f 
' | Aon 
-c-d x 
a o£ = 
rpa =| -b-e Mp = rpax F Z h 0 ° 
a+f F i 
ae = Fs 
440 a : 
Mp =} 220 |N-m i“ p 
990 
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Problem 4-36 


Determine the moment of the force F at A about point O. Express the result as a cartesian 


vector. 
Units Used: i i 
_-* j 
kN = 10° N 
rg 
Given: : L_— 
F = 13 kN 
a=6m "a 
b=2.5m t 
c=3m 7 
; a 
d=3m - s f 5 y 
e=8m . 
f=6m 
* 
g= 4m LZ as 
h=8m ' 
Solution 
b-g —b 
TAB 
raB =| ct+d YrOA =| -Cc Fy = F —— 
[raB| 
h-a a 
—84 
Mo = roa~x F1 Mo =| -8 |kN-m 
—39 


Problem 4-37 


Determine the moment of the force F at A about point P. Express the result as a Cartesian 
vector. 


Units Used: kN = 10°N 
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Given: H 
; 
F = 13 kN 
a=6m FF. 
ra | 
b=2.5m , 
c= 3 m ad 
d=3m 
i 
e=8m 4 
f=6m 3 O} - : 1 
g=4m a, = . 
h=8m 
f o 
Solution: P". : of fr 
b-g —b-f 
TAB 
rAB =| ct+d IpA =| -—c—e Fy = F ——_ 
[raB| 
h-a a 
—116 
Mo = rpax Fi Mo=| 16 |kN-m 
—135 


Problem 4-38 


The curved rod lies in the x-y plane and has radius r. If a force F acts at its end as shown, 
determine the moment of this force about point O. 


Given: 


I 
Ww 
5 
i=) 

I 
5 


a 
I 

jee) 
So 
Zz 
oa 
I 

N 
5 
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Solution: 
a 1 
7 \ 
rac =| -r rac =| -3 |}m 
—b —2 ’ 
21.381 
TAC vs 
Fy = | Fy =| -64.143 | N f { 
r ” / 
oe —42.762 £ 
r 3 ft 
TOA =|1r YroOA =| 3|m h 
s 
0 0 \ Cc 
‘ 
—128.285 
Mo = roa x Fy Mo =| 128.285 |N-m 
—256.571 


Problem 4-39 


The curved rod lies in the x-y plane and has a radius r. If a force F acts at its end as shown, 
determine the moment of this force about point B. 


Given: 
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b=2m 0 = 45 deg , 


Solution: 
a 
FAC = | -¢ 
—b 
: : rAC rcos( 6) 
aa rac| rpa = | r—rsin(0) 
0 
—37.6 
Mp = rpAxFy Mpe=| 90.7 |N-m - 
—154.9 


Problem 4-40 


The force F acts at the end of the beam. 
Determine the moment of the force about 


point A. 
Given: 
600 
F =| 300 |N 
—600 
a=12m 
b =0.2 m 
c=04m 
Solution: 
b —720 
rAB =| a Ma = rapxF Ma =| 120 |N-m 
0 —660 
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Problem 4-41 


The pole supports a traffic light of weight W. Using Cartesian vectors, determine the moment 
of the weight of the traffic light about the base of the pole at A. 


Given: 


W = 22 |b a=12ft 0= 30 deg 


Solution: ij 
(a)sin(0) 
r= (a)cos(@) 
0 
0 
F=] 0 
—W 
Ma =rxF 
—229 
Ma =| 132 |Ib-ft Te 
0 
Y” { 
Problem 4-42 


The man pulls on the rope with a force F. Determine the moment that this force exerts about the 


base of the pole at O. Solve the problem two ways, i.e., by using a position vector from O to A, 
then O to B. 


Given: 
F=20N 
aqa=3m 
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b=4m 
\ f 
c=15m 7 
d=105m i 
Solution: 
b 0 By 
rAB =| —a roa =| 0 ad | 
c-d d i » Sk 4 
b _ se 4 
rOB = | -a Fy = foe > | ee a = . 
raw 
61.2 
Moi = roa ~ Fy Moi =| 81.6 |N-m 
0 
61.2 
Mo? = ros Fy Mo2 =| 81.6 |N-m 
—0 


Problem 4-43 


Determine the smallest force F that must be applied along the rope in order to cause the curved 
rod, which has radius r, to fail at the support C. This requires a moment to be developed at C of 
magnitude M. 
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Engineering Mechanics - Statics 


Chapter 4 


Given: 
r=5ft 
i 
M = 80 lb-ft i= 
0 = 60 deg r Sy 
a=7ft 
Se —— 
b=6ft fe 
fe 
; ie a = 
R 
Solution: 
b b 
; YAB 
rAB = | a- rsin( 6) UAB = E | rcB =| a 
AB 
-rcos(6) wis 
Guess F=1|b 
Given Ince x (F uap)| = M F =Find(F) F =18.6l1b 
Problem 4-44 


The pipe assembly is subjected to the force F. Determine the moment of this force about 


point A. 
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Given: 
F = 80N 


a = 400 mm 


b = 300 mm 
on sa 
c = 200 mm iol 
. ys 
d = 250 mm 
0 = 40 deg f 
@ = 30 deg a 
Solution: 
b+d cos(¢) sin( 6) 
rAC = a Fy =F cos(¢) cos( 6) 
—c ~sin(¢) 
—5.385 
Ma =racxFy Ma=| 13.093 |N-m 
11.377 


Problem 4-45 


The pipe assembly is subjected to the force F. Determine the moment of this force about 
point B. 
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Given: 
F = 80N 


a = 400 mm 


b = 300 mm 
c = 200 mm a 
we 
d = 250 mm ee 
~y 
8 = 40 deg 
¢ = 30 deg a 
Solution: \ 
b+d 550 
IBC = 0 IBC = 0 |mm 
—-c —200 
cos(¢) sin( 8) 44.534 
Fy = F | cos(¢)cos(@) Fy =| 53.073 | N 
-sin(¢) —40 
10.615 
Mp = rpcx Fy Mp =| 13.093 |N-m 
29.19 


Problem 4-46 

The x-ray machine is used for medical diagnosis. If the camera and housing at C have mass M 
and a mass center at G, determine the moment of its weight about point O when it is in the 
position shown. 


Units Used: 


kN = 10° N 
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Given: 
M = 150 kg 
aqa=12m 
b=15m 
0 = 60 deg 
29 gi = 
g=%7. 9 
Ss 
Solution: 
—(b) cos( 6) 0 -1.77 
Mo = a x} 0 Mo =| -1.1 |kN-m 
(b)sin( 6) —-Mg 0 


Problem 4-47 


Using Cartesian vector analysis, determine the resultant moment of the three forces about the base 
of the column at A. 


Units Used: 
kN = 10° N 
Given: 
400 
Fy =| 300 |N 
120 
100 
Fp =| -100|N 
—60 
0 
F3=| 0 |N ; 
—500 
a=4m 
b=8m 
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c=1m 
Solution: 
0 0 
TAB = 0 ra3 =| —c 
a+b b 


The individual moments 


Mai = rap~x Fi Ma? = rap~ F2 Ma3 = ra3 x F3 

—3.6 12 0.5 
Mai =| 4.8 |kN-m Ma? =| 1.2 |kN-m Ma3 =| O |kN-m 

0 0 0 
The total moment 
-1.9 
Ma = Mai + Ma?+ Ma3 Ma=| 6 |kN-m 
0 


Problem 4-48 


A force F produces a moment M, about the origin of coordinates, point O. If the force acts at a 
point having the given x coordinate, determine the y and z coordinates. 


Units Used: kN = 10° N 
Given: 
6 yt 
/ 
F =| —2 | kN pe 
1 M,, | 
NG ¢ 
4 a i 
Mo =| 5 | kN-m 0 ) 
14 
x=1m ; ’ 
\ 
Solution: 


The initial guesses: 


y=lim z=1m 
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Given 


viene (2) = nay. ?)=(F)= 
Zz Zz 1 


Problem 4-49 


The force F creates a moment about point O of Mo. If the force passes through a point 
having the given x coordinate, determine the y and z coordinates of the point. Also, realizing 
that Mo = Fd, determine the perpendicular distance d from point O to the line of action of F. 


Given: ea r 


6 
F=|8|N Mo 
10 bie + : 
=e SO 
Mo =| 8 |Nm 
2 \ 
x=l1m \ 
Solution: 
The initial guesses: y=im z=1m 
Given 
. 1 
y|xF=Mo a" = Find(y, z) i = m 
Z Z 3 
Z 
[Mo| 
d= d= 1.149 m 
|F| 


Problem 4-50 


The force F produces a moment M, about the origin of coordinates, point O. If the force acts 
at a point having the given x-coordinate, determine the y and z coordinates. 
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Engineering Mechanics - Statics 


Units Used: 
kN = 10°N 
Given: 
x=l1m 
6 
F =| —2 | kN 
1 
4 
Mo =| 5 kN-m 
-14 
Solution: 
Initial Guesses: y=im z=1m 
x 
Given Mo=|y|xF 
Z 


Problem 4-51 


?) = Find(y, z) 
Zz 


Chapter 4 


Determine the moment of the force F about the Oa axis. Express the result as a Cartesian vector. 


Given: F 

50 

F =|] -20/N 
20 

a=6m 

b=2m 

c=1m 

d=3m 

e=4m 
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Solution: 
(ol 0 
YOa 
ror =| —b YOa = | € Uda = Foal 
oO 
a d - 
0 
Moa = [(tor x F)-uoa|toa Mga = | 217.6 |N-m 
163.2 


Problem 4-52 


Determine the moment of the force F about the aa axis. Express the result as a Cartesian vector. 


Given: 
F = 600 lb 
a=6ft =. 
b =3 ft 
c=2 ft 
d=4ft F . 
e=4ft - 7 a - \ 
a 
f = 2 ft 
ca ae F 
) ’ 
Solution: 
_d d —b 
F 1 

Fy = —————_| e r=]/ 0 Uaa = —f 

loud ee Cc a a +b ae a 

—441 
Maa = [(1< Fy)-Waaltaa Maa =| —294 | lb-ft 
882 
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Problem 4-53 


Determine the resultant moment of the two forces about the Oa axis. Express the result as a 
Cartesian vector. 


Given: 
F, = 80 lb 
F7 = 50 lb 
a = 120 deg 
£ = 60 deg 
y = 45 deg 
a=d5ft 
b=4ft 
c=6 ft \ 
0 = 30 deg 
@ = 30 deg 
a 
Solution: 
cos( a) 0 
Fiy = Fj| cos(Z) Foy =| 0 
cos(y) Po 
(b)sin( 6) 0 
ry =| (b)cos(8) r2 = | -(a) sin(¢) 
Cc 0 
cos(¢) 
Waa = -sin(¢) Maa = [(ra x Fiy + r2 x Foy)Uaa Waa 
0 
26.132 
Maa = | —15.087 | Ib-ft 
0 
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Engineering Mechanics - Statics Chapter 4 
Problem 4-54 


The force F is applied to the handle of the box wrench. Determine the component of the 
moment of this force about the z axis which is effective in loosening the bolt. 


Given: 
aq=3in 
b = 8 in 
c=2in 
8 
F =| -1 | lb 
1 
Solution: 
0 c 
k =|0 r =| -b M, = (rx F)-k M, = 62\b-in 
1 a 


Problem 4-55 


The force F acts on the gear in the direction shown. Determine the moment of this force about 


the y axis. 

Given: 
F = 50 lb 
a=3in 
0; = 60 deg 
07 = 45 deg 
03 = 120 deg 
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Solution: 
0 0 —cos( 63) 
j=|1) r=[0] Fy =F] -cos(@)) My =(rxFy)-j © My=75lb-in 
0 a —cos( 6) 


Problem 4-56 


The RollerBall skate is an in-line tandem skate that uses two large spherical wheels on each 
skate, rather than traditional wafer-shape wheels. During skating the two forces acting on 
the wheel of one skate consist of a normal force F, and a friction force F,. Determine the 


moment of both of these forces about the axle AB of the wheel. 


Given: 
0 = 30 deg 
F, = 131b 
F> = 78 lb 
a = 1.25 in 
Solution: 
a— 
Fy 0 
F =| Fo r=|-a 
0 0 
cos( 8) 
ab = | -sin(@) Mab = (rx F)-ab Map = Olb-in 
0 


Problem 4-57 


The cutting tool on the lathe exerts a force F on the shaft in the direction shown. Determine the 
moment of this force about the y axis of the shaft. 


252 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 4 


Units Used: 
kN = 10°N 
Given: 
6 
F =| -4|kN 
—7 
a = 30 mm 
0 = 40 deg 
Solution: 
cos( 8) 0 
r=a| 0 j=/1 My = (rx F)-j My = 0.277kN-m 


Problem 4-58 


The hood of the automobile is supported by the strut AB, which exerts a force F on the hood. 
Determine the moment of this force about the hinged axis y. 


Given: 


F=24|lb a=2ft b=4 ft c=2 ft d= 4 ft 
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Solution: 
b —b+c —9.798 
TAB 
ra =| 0 TAB = a cad | Fy =| 9.798 | |b 
0 d ne 19.596 
0 
j=|1 My = (tax Fy)-j My = -78.384 lb-ft 
0 


Problem 4-59 


The lug nut on the wheel of the automobile is to be removed using the wrench and applying the 
vertical force F at A. Determine if this force is adequate, provided a torque M about the x axis is 
initially required to turn the nut. If the force F can be applied at A in any other direction, will it 
be possible to turn the nut? 


254 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 4 


Given: F 
F =30N 
M = 14N-m 
a =0.25m 
b=0.3m 
c=0.5m 
d=0.1m 
Solution: 
My, = 12N-m 


My <M No 


For Mymax» apply force perpendicular to the handle and the x-axis. 


Mxmax = Fc 
Mxmax = 15N-m 


Mymax >M ~~ Yes 


Problem 4-60 


The lug nut on the wheel of the automobile is to be removed using the wrench and applying the 
vertical force F. Assume that the cheater pipe AB is slipped over the handle of the wrench and 
the F force can be applied at any point and in any direction on the assembly. Determine if this 
force is adequate, provided a torque M about the x axis is initially required to tum the nut. 


Given: 


F; = 30N M=14Nm a=025m b=03m c=0.5m d=01m 
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Solution: 
My 2 Fy a+c ob 
My, = 18N-m 
My, > M 


Yes 
M ymax occurs when force is applied perpendicular to both the handle and the x-axis. 


Mxmax = F1(a +c) 
Mymax — 22.5 N-m 


Mxmax > M Yes 


Problem 4-61 


The bevel gear is subjected to the force F 
which is caused from contact with another 
gear. Determine the moment of this force 
about the y axis of the gear shaft. 


Given: 
a = 30 mm 
b = 40 mm 
20 
F=] 8 N 
-15 
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Solution: 
-b 0 
r=| 0 j=|1 My = (rx F)-j My = 0N-m 
a 0 


Problem 4-62 


The wooden shaft is held in a lathe. 
The cutting tool exerts force F on the 
shaft in the direction shown. 
Determine the moment of this force 
about the x axis of the shaft. Express 
the result as a Cartesian vector. The 
distance OA is a. 


Given: 
aq = 25 mm : 
6 = 30 deg ) 
—5 
F=|-3|/N 
8 
Solution: 
0 1 0.211 
r= (a)cos( 8) i=|0 Mx = [ (x x F)-iji Mx = 0 |N-m 
(a)sin(@) 0 0 


Problem 4-63 


Determine the magnitude of the moment of the force F about the base line CA of the tripod. 


Given: 
50 
F =| -20|/N 
—80 
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a=4m - 4 
b=2.5m 
c=1m 
d=05m 
e=2m 
f=15m 
g=2m ~ 
\ 
Solution: 
—g 
TCA 
ICA =] e UCA = Peal cD = e Mca = (rcp x F)-uca Mca = 226N-m 
0 a 


Problem 4-64 


The flex-headed ratchet wrench is 
subjected to force P, applied 
perpendicular to the handle as shown. 
Determine the moment or torque this 
imparts along the vertical axis of the 
bolt at A. 


Given: 


P=16lb a=10in 


6 = 60 deg b =0.75 in 


Solution: 


M = P[b +(a)sin(6)| M = 150.564 lb- in 
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Problem 4-65 y a — 


If a torque or moment M is 
required to loosen the bolt at A, 
determine the force P that must be 
applied perpendicular to the handle 
of the flex-headed ratchet wrench. 


Given: 
M = 80 lb-in | a 
6 = 60 deg T 
a =10in 
b = 0.75 in 

Solution: 


M 


P = —@—, P=8.50lb 
b+ (a)sin(@) 


M = P[b + (a)sin(9)| 


Problem 4-66 


The A-frame is being hoisted into 
an upright position by the vertical 
force F. Determine the moment of 
this force about the y axis when 
the frame is in the position shown. 


Given: 
F = 80 lb 
a=6ft h 
b=6ft fa ~ a 
ae ‘ fe al ~ — 
¢ = 15 deg = 
Solution: 


Using the primed coordinates we have 
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-sin( 6) 0 —bcos(¢) 
a 
J= cos( 6) Fy = F|0 rAC = 5 
1 
: bsin(¢) 
My = (rac x Fy)-j My = 281.528 lb-ft 


Problem 4-67 


Determine the moment of each force acting on the handle of the wrench about the a axis. 


Given: 
—2 3 
Fy =| 4 | |b Fo =| 2 | |b 
-8 -6 
b = 6in : 
c=4in 
d = 3.5 in 
0 = 45 deg 
Solution: 
cos( 6) 
Ug = 0 
sin( 0) 
cos ( 6) sin( 6) cos ( 6) sin( 6) 
ry =b| 0 +(c+d) 0 m=bD 0 +C 0 
sin( 6) ~cos( 6) sin( 6) ~cos(6) 
Mjq = (11 F4)-Wa Mjq = 301b-in 
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Moq = (r2 x F2)-ta Moq = 81b-in 


Problem 4-68 


Determine the moment of each force acting on the handle of the wrench about the z axis. 


Given: 
-2 3 
Fy =| 4 | |b Fz =| 2 | |b 
-8 —6 
b =6in : 
c=4in 
d = 3.5 in 
0 = 45 deg 
Solution: 
cos( 6) 0 
ry =b 0 +(c+d) k =|; 0 
sin( 0) —cos( 8) sin( 0) —cos(@) 1 
My, = (11x F1)-k Mj, = 38.2 lb-in 
Mp, = (12 x F2)-k Mp, = 14.1 1b-in 


Problem 4-69 


Determine the magnitude and sense of the couple moment. 


Units Used: 


kN = 10° N 
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Given: 
F =5kN su, ils 
@ = 30 deg , 
a=05m 
b=4m 
c=2m fr 
d=i1im 
Solution: v 
© ! I Y 
Bd 
\ Mc = Fcos(6)(a +c) + Fsin(6)(b — d) i | 


Mc = 18.325 kN-m 


Problem 4-70 


Determine the magnitude and sense of the couple moment. Each force has a magnitude F. 


Given: j 
F = 65 |b 
ul 
a= 2H ¥ bo 
b =15 ft =n ' i a 
c=4ft > Ay 


7 8 
II II 
wea 
> 
a 


Solution: 


Cc e 
M.==Mz, Mc = |F| —==~ |(d+a)|+|F| ——— |(c + a) 


[2 2 2, 2 
c +e c +e 


Mc = 6501b-ft (Counterclockwise) 


Problem 4-71 


Determine the magnitude and sense of the couple moment. 
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Units Used: 
kip = 10° Ib 
Given: 
F = 150 lb 
1 : 
b = 6 ft [ T ‘ 
i = 
c= 8 ft 
re f; _ i - { r 
d=é6ft Va 
e = 6ft a 
f = 8 ft 
Solution: 
d f 
\ Mc = =M,; Mc = F——(a+ f) + F———(c + d) 
2. 2 
Vd +f 


dee F 


Mc = 31201b-ft = Mc = 3.120kip-ft 


Problem 4-72 ) 


. ls t 
Selene te oaguouleF ofthe Pah 
couple forces. i ~F j 
Given: ; e falls ae 
t t 

M = 300 lb-ft 1 

b = 12 ft 

c= 1ft 

d = 2 ft 

e = 12 ft 

f=7 ft 
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Solution: 


Vee ge ee 
Var ee Arse Be 


efta) | a 


po CS 
ef+a) _ (f-d(b+e) 


VG te AG=o te 


Problem 4-73 
A clockwise couple M is resisted by the shaft of the electric motor. Determine the magnitude of 


the reactive forces —R and R which act at supports A and B so that the resultant of the two 
couples is zero. 


Given: 


a = 150 mm 


0 = 60 deg 
M=5Nm 
Solution: 
2Ra M tan(6) 
| Mc=-M+ =0 R=— R = 28.9N 
tan(@) 2 a 


Problem 4-74 


The resultant couple moment created by the two couples acting on the disk is Mp Determine 


the magnitude of force T. 
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Units Used: 


kip = 10° Ib 


Given: 


a=4in 


b = 2 in 


c=3in 


Solution: 


Initial Guess T = 1 kip 


a 0 —b 0 —b-c 0 
Given O};x|) Ty ]+] 0 |x} -T}]+ 0 x|-T|=MpRr 
0 0 0 0 0 


T =Find(T) T= 0.909kip 


Chapter 4 


Problem 4-75 


Three couple moments act on the pipe assembly. Determine the magnitude of M; and the 


bend angle @so that the resultant couple moment is zero. 


Given: 
0, = 45 deg 
M, = 900 N-m 
M, 
M> = 500 N-m 
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Solution: 
Initial guesses: 6 = 10 deg M3 = 10 N-m 
Given 
> ym, = 0: My - Mgcos() — Mg cos(6,) = 0 
+4 EM, = 0; M3 sin(8) — Mp sin(;) = 0 


6 
) = Find(9,M3) 6 = 32.9 deg M3 = 651N-m 
M3 


Problem 4-76 


The floor causes couple moments 
M, and M, on the brushes of the 


polishing machine. Determine the 
magnitude of the couple forces 
that must be developed by the 
operator on the handles so that the 
resultant couple moment on the 
polisher is zero. What is the 
magnitude of these forces if the 
brush at B suddenly stops so that 


Mg = 0? 
Given: 
a=03m 
My, = 40 N-m 
Mp = 30 N-m 
Solution: 
Ma - MB 
Ma - Mp- Fija=0 Fy = —— Fy = 33.3 N 
a 
Ma 
Ma - F2a=0 Fo = — Fo =133N 
a 
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Problem 4-77 


The ends of the triangular plate are 
subjected to three couples. Determine 
the magnitude of the force F so that 


the resultant couple moment is M 


clockwise. 
Given: 
Fy = 600 N 
F> = 250N 
a=1m 
0 = 40 deg 
M = 400 N-m 
Solution: 


Initial Guess F=1iN 


a 
Gi Fy, | ——~|-Foa-F 
ee (| ae 


a} = —M F= Find(F) 


Chapter 4 


Problem 4-78 


Two couples act on the beam. Determine the magnitude of F so that the resultant couple 
moment is M counterclockwise. Where on the beam does the resultant couple moment act? 


Given: 
M = 450 lb-ft 
P = 200 lb 
a = 1.5 ft 
b = 1.25 ft 
c=2 ft 
0 = 30 deg 
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Solution: 
M-Pa 


F = ——, F = 139|b 
bcos(@) 


\ Mr==M  M=Fbcos(6)+Pa 


The resultant couple moment is a free vector. It can act at any point on the beam. 


Problem 4-79 


Express the moment of the couple acting on the pipe assembly in Cartesian vector form. Solve 
the problem (a) using Eq. 4-13, and (b) summing the moment of each force about point O. 


Given: 
0 
F=/;0{N 
25 


Co 
I 

a 
oO 
3 
5 


Q 
I 

N 
S 
= 
= 


Solution: 
-e—b —5 
(a) raB =| —-ct+d M = rapxF M =| 8.75 |N-m 
0 0 
a a+b+e 
(b) ros = | d YOA = c 
0 0 
—5 
M = rop~ F + roa x (-F) M =| 8.75 |N-m 
0 
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Problem 4-80 


If the couple moment acting on the pipe has magnitude M, determine the magnitude F of the 
vertical force applied to each wrench. 


Given: 
M = 400 N-m 
a = 300 mm 7 
b = 150 mm | 


c = 400 mm 


Qa 
lI 


200 mm 


e = 200 mm 


Solution: 
0 
k =| 0 
1 
-e—b 
raB =| —-ct+d 
0 


Guesss F=i1N 


Given [tap x (Fk)| = M F =Find(F)  F = 992.278 N 


Problem 4-81 


Determine the resultant couple moment acting on the beam. Solve the problem two ways: 
(a) sum moments about point O; and (b) sum moments about point A. 


Units Used: 


kN = 10° N 
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Given: 


F, =2kN 6; = 30 deg 


L b ' 
KF, Fy 
F2 =8kN_ @9 = 45 deg Netf 
. | 


a= 0.3 m f8 fa) 
b= 05am ae 
c=18m 

Solution: 

(a) \ Mr ==Mo; 


Mrg = (Fy cos( 07) + Fcos(2))c + (Fo cos( 42) —Fy sin(0;))a th 
+ -(Fo cos( 42) + Fy cos(1))(b +c) 


MRg = —9.69 kN-m 
(b) \ Mp==M,; 


MRpb = (F2sin( 2) — Fy sin(0;))a - (F2cos( 02) + Fy cos(01))b 


Mpp = —9.69kN-m 


Chapter 4 


Problem 4-82 


Two couples act on the beam as shown. Determine the magnitude of F so that the resultant 
couple moment is M counterclockwise. Where on the beam does the resultant couple act? 


Given: 
M = 300 lb-ft 
a = 4 ft 
b = 1.5 ft 
P = 200 lb 
c=3 
d=4 
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Solution: 


Cc d 
M = ———F —. 
Peer ae ee 


M+Pb 
Fe= esa) 


Fb-Pb 


ca+db 


F = 167]1b Resultant couple can act anywhere. 


Problem 4-83 


Two couples act on the frame. If the resultant couple moment is to be zero, determine the 
distance d between the couple forces F,. 


Given: 
Fy = 80 lb 
F > = 50 lb 
a=1ft 
b=3 ft 
c=2ft 
e= 3 ft 
f=3 
g=4 
0 = 30 deg 
Solution: 
~Fycos( Oe + a F,d|=0 d= ae cos( 8) e g a E d = 2.03 ft 
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Problem 4-84 , 


Two couples act on the frame. Determine the resultant 
couple moment. Compute the result by resolving each force 
into x and y components and (a) finding the moment of each 
couple (Eq. 4-13) and (b) summing the moments of all the 
force components about point A. 


Given: 
F, = 80lb c=2ft g= 


Fo =50lb d=4f 6=30deg 


a=1ft e= 3 ft 
b = 3 ft f=3 
Solution: 


(a) M= (rx F) 


e -sin(@) 0 e -g 0 
M =|0|x|Fo ~cos(6) +|d|x we —f M = 0 lb-ft 


2 2. 
0 0 0 Vf +a lo 126.096 


(b) Summing the moments of all force components aboout point A. 


me g 
M, =| —=— |F,b+| —=— _|F](b +d) 
F - we (; 7a 
M2? = Focos(6)c - Fosin(0)(a +b+d) — Fy cos(6)\(c+ e) + Fosin(0)(a +b+d) 


M = M1 +M> M = 126.096 lb-ft 


Problem 4-85 


Two couples act on the frame. Determine the resultant couple moment. Compute the result by 
resolving each force into x and y components and (a) finding the moment of each couple 
(Eq. 4 -13) and (b) summing the moments of all the force components about point B. 
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Given: 
F, = 80lb_ d = 4ft 
Fo =50lb e=3ft 
a=1ft f =3 ft 5 
b = 3 ft g=4ft / 
c=2 ft 0 = 30 deg 

Solution: 


(a) M= (rx F) 


e ~sin( 6) 0 -g 0 
M =| 0 |x| Fo] -cos() || +| d |x| —__} -f M = 0 | Ib-ft 


2 2 
0 0 0 Vi Fo lh. 126.096 


(b) Summing the moments of all force components about point B. 


g g 
ce Fea rev [ES 
Vpi+g VP+g 
Mp = F c0s(6)c — Fc0s(6)(c + e) 


M =M,+Mp) M = 126.096 lb-ft 


Problem 4-86 


Determine the couple moment. Express the result as a Cartesian vector. 


273 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 4 


Given: 
8 
F=|-4/N 
10 I 
a=5m 
' \ hi 
b=3m Af . > 
=a eal =< \ 
c=4m I - _ is 
8 7 
d=2m < 5 
e=3m ; : 
Solution: 
—b -—e 40 
r=|c+d M=rxF M =] 20 |N-m 
—a —24 


Problem 4-87 


Determine the couple moment. Express the result as a Cartesian vector. 


Given: 
F = 80N 4 
a=6m "hs 
b=10m | 
c=10m j ; “a 
d=5m = ~ mae = \ 
e=4m < 7 7 ; 
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Solution: 
b -f-—b 
1 
= —_——_| c+ d Fy = Fu r=|-d-c 
2 2 2 

yao+bo+(ct+d)°\ _g e+a 

—252.6 

M=rxFy M= 67.4 |N-m 
—252.6 


Problem 4-88 


If the resultant couple of the two 
couples acting on the fire hydrant is 
M, = {—-15i + 30j} N-m, determine 


the force magnitude P. 


Given: 
a=02m 
b = 0.150 m 
-15 
M =] 30 |N-m 
0 
F=75N 
Solution: 
Initial guess P=1N 
Given 
—Fa 
M=| Pb P = Find(P) P=200N 
0 


Problem 4-89 


If the resultant couple of the three couples acting on the triangular block is to be zero, determine 
the magnitude of forces F and P. 
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Given: 
F, = 150 N 


a = 300 mm 


b = 400 mm 
d = 600 mm —s" 
Solution: 


Initial guesses: F=1N P=1N 


d 0 d 0 0 -Fy 0 Fy 
Given O;x}O};+]b|x]—-P}]4+|]b{x!] 0o +1/0/x] 0 |=0 
a F 0 0 0 0 a 0 


Problem 4-90 


Determine the couple moment that acts on the assembly. Express the result as a Cartesian vector. 
Member BA lies in the x-y plane. 
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Given: < 
0 
F = 0 N 
100 


a = 300 mm 


b = 150 mm a 
c = 200 mm A > ; 
d = 200 mm . 
0 = 60 deg 
Solution: 
-(c+d) sin( 8) - bcos( 6) 7.01 
r= ~bsin(0) + (c+ d)cos( 6) M=rxF M =| 42.14 |N-m 


0 0.00 


Problem 4-91 

If the magnitude of the resultant 
couple moment is M, determine 
the magnitude F of the forces 
applied to the wrenches. 

Given: 


M=15N-m_ c= 200 mm 


300 mm_~= d = 200 mm 


a 
lI 


oS 
lI 


150mm _ = 0 = 60 deg 
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Solution: 
—(c+d) sin( 6) - bcos(6) 0 
r =| —bsin(@) + (c + d)cos(6) k =| 0 
0 1 
Guess F=1N 
Given [rx (Fk)| = M F =Find(F) F=35.112 N 


Problem 4-92 


The gears are subjected to the couple moments shown. Determine the magnitude and coordinate 
direction angles of the resultant couple moment. 


Given: 
My = 40 lb-ft 
M2 = 30 lb-ft 
0, = 20 deg 
02 = 15 deg 
03 = 30 deg 
Solution: 
M1 cos( 07) sin( 02) —-M) sin( 03) 
My = Mj cos( 67) cos( 42) M> = Mp cos( 63) 
—M1 sin( 01) 0 
Mr = Mi Mp |Mp| = 64.0 lb-ft 
a a 94.7 
MR 
B\= no | B\|=| 13.2 |deg 
[Mr 102.3 
Y y ; 
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Problem 4-93 


Express the moment of the couple acting on the rod in Cartesian vector form. What is the 
magnitude of the couple moment? 


Given: 
14 | 
F =|-8|N 
-6 
aqa=15m 
b=0.5m ‘ z—) 
c=05m Z 
wm f 
d = 0.8 m 1 f ‘ _~ 
» ’ 
© 
Solution: wf 
F 
d 0 a7 
M =| a |xF+|0/x(-F) M =| -9.2 |N-m |M| = 33.532N-m 
~c b -27.4 


Problem 4-94 


Express the moment of the couple acting on the pipe assembly in Cartesian vector form. Solve 
the problem (a) using Eq. 4-13, and (b) summing the moment of each force about point O. 
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Given: J 
a=03m 
b=04m 
c=06m 
-6 
F=|]2{sN 
3 
Solution: 
0 
(a) M=]|c/|xF 
—b 
0 0 


Chapter 4 


Problem 4-95 


A couple acts on each of the handles 
of the minidual valve. Determine the 
magnitude and coordinate direction 
angles of the resultant couple 
moment. 


Given: 


F, =35N 0 = 60 deg 


F> =25N 
ry = 175 mm 
ro = 175 mm 
Solution: 
-F121r1)  (—F22r2c0s(6) 16:63 
M = 0 +| -F>2 rosin(@) M=| -7.58 |N-m  |M| =18.3N-m 
0 0 0 
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a a 155.496 

M 
B\= aco B | =| 114.504 | deg 
Y y 90 


Problem 4-96 


Express the moment of the couple acting on the pipe in Cartesian vector form. What is the magnitude 
of the couple moment? 


Given: 
F=125N 


a = 150 mm 


d = 600 mm 
Solution: 
c 0 37.5 
M =|a+b|x] 0 M =| -25 |N-m |M| = 45.1N-m 
0 F 0 


Problem 4-97 


If the couple moment acting on the pipe has a magnitude M, determine the magnitude F of the 
forces applied to the wrenches. 
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Given: 
M = 300 N-m 
a = 150 mm — eee 
b = 150 mm d 
c = 200 mm f- 
d = 600 mm 
Solution: 
Initial guess: F=1N 
c 0 
Given a+b|x|0||=M F =Find(F) F =832.1N 
0 F 


Problem 4-98 


Replace the force at A by an equivalent force and couple moment at point O. 


Given: 
F = 375N 
aqa=2m 
b=4m 
c=2m 
d=1m 
0 = 30 deg 
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Solution: 
sin( 6) 
Fy =F ~cos( 6) 


Chapter 4 


187.5 
Fy =| -324.76 | N 
0 
0 
Mo = 0 N-m 
—100.481 


Problem 4-99 


Replace the force at A by an equivalent force and couple moment at point P. 


Given: 
F = 375N 
a=2m 
b=4m 
c=2m 
d=im 
0 = 30 deg 
Solution: 
sin( 6) 
Fy =F ~cos( 6) 
0 
-a-C 
0 


187.5 
—324.76 | N 


Fy = 


736.538 


Problem 4-100 


Replace the force system by an equivalent resultant force and couple moment at point O. 
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Given: 


F,=60lb a=2ft 


Fo =85lb b=3ft 


F3 = 25 |b c = 6ft I , 
06=45deg d=4ft . Tae 
e=3 ‘ 
= 4 ' { 
f i) WD 
Solution: 


0 
3 
B=) SF; |4—— 
f 2 2 


233.322 
F =| -110.322 |Ib | F| = 115.245 Ib 
0 
= 0 0 . —e d cos( 6) 
2 
Mo =| 0 |x|} -Fz | +] a|x|—_—| -f || +] b |x| Fo} sinl@ 
0 0 0 CE NG 0 0 
0 
Mo =| 0 [lb-ft |Mo| = 4801b-ft 
480 


Problem 4-101 


Replace the force system by an equivalent resultant force and couple moment at point P. 
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Chapter 4 


Given: 
F,=60lb a=2ft F ' 
F> = 85 |b b = 3 ft " | Li 
: L 
F3=25lb c=6ft . | 
0=45deg d=4ft it 
0 ’ 
e=3 f=4 r i 71 a 7 
Solution: 
0 -e cos(@) 
Fo 
F =| -F, Se -f|+F3 sin(@) 
Me 0 
—33.322 
-110.322 |Ib  |F| = 115.2451b 
-—c-d 0 —d 7 —e 0 cos(6) 
2 
Mp = 0 x|—F, }+] a |x| KL] - +|b|x|F93} sinl6@ 
0 0 0 e+f\o 0 0 

0 
Mp =| 0 | lb-ft |Mp| = 921 lb-ft 

921 


Problem 4-102 


Replace the force system by an equivalent 
force and couple moment at point O. 


Units Used: 


kip = 10° Ib 


Given: 


F, = 430lb Fp» = 260 1b 


a=2ft e=5ft 
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Chapter 4 
b= 8 ft f=12 
c=3ft g=5 
d=a # = 60 deg 
Solution: 
~sin( 6) a g 72 
2 
FR = F1| -cos() +S f Fr=| 25 |lb |FR| = 2741b 
0 g9 +f \o 0 
—d ~sin( 6) e r g 0 
2 

Mo =| Db |x/F1 —~cos( 6) +] 0]x = Mo = O | kip- ft 

0 0 0 Rae eet 4.609 


Problem 4-103 


Replace the force system by an equivalent force and couple moment at point P. 


Units Used: y 
kip = 10° Ib all 
Given: 
Fy = 430 lb Fo = 260 |b F ih 
a=2 ft e=5ft 
a) ‘ 
b=8ft f=12 f i ios 
c=3ft g=5 | wf ; i 
d=a 0 = 60 deg aL EAM TF 
Solution: 
-sin(@) g SO 7p 


F 
FR = F1| -cos(@) | + 2 f Fr=| 25 |lb |FR| = 2741b 


0 Vg +f? 0 0 
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0 -sin( 6) d+e g 0 
Mp =| b+c|x|Fy ~cos( 6) +] Cc x | ——] f Mp = 0 kip- ft 


2 2 
0 0 0 Vg +f lo 5.476 


Problem 4-104 


Replace the loading system acting on the post by an equivalent resultant force and couple 
moment at point O. 


Given: 
F,=30lb a=1ft d= 
Fo=40Ib b=3ft e=4 
F3=60lb c=2ft 
Solution: 
0 1 —d 
F3 I 
FR = Fj| -1 | + Fo} 0 | + —__—| -e 
2. 2 
0 0 d+e\g 
4 
FR=|-78 |b |Fp| = 78.11b F 
0 
0 0 0 1 0 —d 
F3 
Mo =| a+ b4+c)x Fz -1 jj) +) ¢)x | Fo 0 j;) +) b+c |x; -—__—} -e 
2. 2 
0 0 0 0 0 d +e \ 9 
0 
Mo =| O |\b-ft 
100 


Problem 4-105 


Replace the loading system acting on the post by an equivalent resultant force and couple 
moment at point P. 
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Given: 


2H 
No ye 
ll ll 
£ w 
So So 
— — 
o o 


esl 
Uo 
lI 
D 
So 
— 
oC 


Solution: 


0 1 —d 

FR = Fj| -1 | + Fo} 0 | + ——]| -e 
2 

0 0 d+e\g 


4 
Fr=|-78 |lb — |Fp| = 78.11b 

0 

0 0 0 1 0 =d 
Mp =|| 0 [ft}x|Fz| -1 || +] -a—b |x| Fo] 0 || +] -a |x|——=—| -e 

0 0 0 0 0 d+e\o 


Problem 4-106 


Replace the force and couple system by an equivalent force and couple moment at point O. 


Units Used: 
kN = 10° N 
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Given: 
_ a - 
M =8kNm 0 = 60 deg 
O P 
i i ° ) 
a=3m f = 12 b 
b=3m g=5 . 2 
uy 
c=4m F, =6kN i 
d = 4m Fo = 4kN : 
’ 
e=5m 
Solution: 


g ~cos( 6) 
Py 
f | +Fo| -sin(6) 


ER = ——— 
[2D 
[#9 \o 0 


0.308 
FR =| 2.074 |kN —|FR| = 2.097kN 
0 
0 -c a g 0 ~cos(6) 
i 
Mo =| 0 |+}] -e |x| —=<=x{Z_jJ +] —-d |x| Fo] —sin(@ 
0 real! 2) -sin(o) 
M 0 f +g \o 0 0 
0 
Mo = 0 kN-m 
~10.615 


Problem 4-107 


Replace the force and couple system by an equivalent force and couple moment at point P. 


Units Used: 


kN = 10° N 
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Given: 
M =8kN-m 6 = 60 deg ? ak 7 —+ 
a=3m f = 12 1 f mel f ’ 
b=3m g=5 t x . 
c=4m F, = 6kN e 
d=4m Fy = 4KkN = 
e=5m 1 

Solution: ‘ ‘ 


FR = ——— 
le = 
f +g \o 0 


0.308 
FR =| 2.074 |kN _|Fp| = 2.097kN 
0 
0 -c-—b 7 g —b ~cos( 6) 
1 
Mp =| 0/+] -e x | —————— f || +] -d | x] Fo] —sin( 6 
M 0 f +g \o 0 0 
0 
Mp = 0  |kN-m 
~16.838 


Problem 4-108 


Replace the force system by a single force resultant and specify its point of application, measured 
along the x axis from point O. 


Given: 
Fy, = 125 |b 
F> = 350 lb 
F3 = 850 lb 
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a=2ft 1 
I, 

b = 6 ft 

c= 3 ft 

d=4ft 

\ 
Solution: 

Pry ga ho= hy FRy = 375|b 


FRyX = F3(b+ c) — Fo(b) + Fj(a) 


F3(b +c) — Fo(b) + Fy a 
Se ea SLR x= 15.5ft 


Problem 4-109 


Replace the force system by a single force resultant and specify its point of application, measured 
along the x axis from point P. 


Given: 1 
Fy, =125lb a=2 ft 


F7 =350lb b=6ft 


Fz =850lb c=3ft 


Solution: 


PRE Poe Py FRy = 3751b 


FRpyx = F2(d +c) —F3(d) + Fy(a+b+c+d) 


Fo d+Foc-—F3d+F,a+F ,b+Fic+Fi,d 
SS 


x= 2.47ft (to the right of P) 
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Chapter 4 
Problem 4-110 


The forces and couple moments which are exerted on the toe and heel plates of a snow ski are 
F,, M,, and F,,, M,, respectively. Replace this system by an equivalent force and couple moment 
acting at point O. Express the results in Cartesian vector form. 


Given: 
a = 120 mm 
b = 800 mm 
Solution: 
—50 —20 -6 —20 
F,=| 80 |N Fp=| 60 |N M=| 4 |Nm My, =| 8 |N-m 
—158 —250 2 3 
FR =Fit+Fh 
—70 
FrR=| 140 |N 
—408 
a 
rort = | 9 
0 


Mp = (rore* Ft) +Me+ Mh 


Problem 4-111 


The forces and couple moments which are exerted on the toe and heel plates of a snow ski are 
F,, M,, and F,,, M,, respectively. Replace this system by an equivalent force and couple moment 
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acting at point P. Express the results in Cartesian vector form. 


Given: 


a = 120 mm 


b = 800 mm 
—50 
Fy =| 80 |N 
—158 
—6 
M, =| 4 | N-m 
2 
—20 
Fh =| 60 |N 
—250 
—20 
Mn =| 8 | N-m 
3 
Solution: 70 
FR =Frt+Fh Fr=| 140 |N 
—408 
b a+b —26 
Mp = My+My+|0/xFpt+|] O |x Ft Mp = | 357.4 |N-m 
0 0 126.6 


Problem 4-112 


Replace the three forces acting on the shaft by a single resultant force. Specify where the force 
acts, measured from end B. 
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Given: \. ; J. : ui JL. | 
Fy, = 500 lb Fi { y B 
F> = 200 lb 
= FE 
F3 = 260 lb 
a=5ft e=3 
b=3ft f=4 
c=2ft g=12 
d=4ft h=5 
Solution: 
af 0 h ~300 
Fy] F3 
FR = ———| -e | + Fp] -1 | + ————| -g Fr=|-740 |Ib  |FR| = 7981b 
2 2 2 2 
CG 0 g +h \o 0 
Initial guess: x=1ft 
Given 
a —f a+b 0 a+b+c h —Xx 
Fy F3 
0 |x e || + 0 x| Fo} -1 |} + 0 x -—g|;/=| 0 |xFRr 
2 2 2 2 
0 e +f \o 0 0 0 GG 0 


x = Find(x) x = -7.432 ft 


Problem 4-113 


Replace the three forces acting on the shaft by a single resultant force. Specify where the force 
acts, measured from end B. 


Given: - a 1. h le ¢ 18 d -| 
F, = 500 lb = 1B 
F> = 200 lb 
F3 = 260 lb 


294 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 4 


c=2 ft g=12 


d=4ft h=5 
Solution: 
=f 0 h ~300 
Fy} F3 
FR = ———| -e | + F>| -1 | + ————| -g Fr=|-740 |Ib  |FR| = 7981b 
2. 2 eS 
e +f \o 0 g +h \ 9 0 
Initial guess: x = lft 
Given 
-b-c-d -f -c-d 0 —d h -Xx 
Fy F3 
x —e || + 0 x|Fo} -1 |] +] 0 |x -—g |;}=| 0 |xF 
ae D0 
0 CP AG 0 0 0 g +h \o 0 


x = Find(x) x = 6.568 ft measured to the left of B 


Problem 4-114 


Replace the loading on the frame by a single resultant force. Specify where its line of action 
intersects member AB, measured from A. 


Given: 
P, F F, 
Fz = 300 lb M = 600 lb-ft < Q h ~ 
po =200b. “eae ( cm 
b=4ft ‘44 
F3 = 400 Ib Mu 
c=2 ft 
F4 = 200 Ib Dace 
Solution: 
Fry = -F4 Fry = —2001b 
PRy = ETRE OSE 3 Fry = —900 1b 
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FR 
F = J Fry + Fry” F = 9221b es vo =) 0 = 77.5deg 


Rx 
FRpyx = —F2a — F3(a+ b) - Fac+ 


Fo(a) + F3(a+b)+Fac-—M 
x=-—OO x = 3.556 ft 
Fry 


Problem 4-115 


Replace the loading on the frame by a single resultant force. Specify where the force acts, 
measured from end A. 


Given: 
Fy, = 450 N a=2m 
F2 = 300 N b=4m 
F3 = 700 N c=3m 


0 = 60 deg M = 1500 N-m 


¢@ = 30 deg 
Solution: 
FRx = F1cos(6) — F3sin(¢) Fry = -125 N 
3 
Fry = -F;sin(@) - F3cos(4) — F2 Fry = -1.296 x 10” N 
F = J Fry + Fry’ Po isio: Ni 
FR 
01 = van =) 01 = 84.5 deg 
FRx 


Fpy(x) = -F7sin(0)a — Fo(a + b) — F3cos(¢)(a+b+c)-M 


—Fj sin( O)a — Fo(a+ b) — F3 cos( 4)(a +b+c)-M 
5 xX = 7.36 m 
Fry 


Problem 4-116 


Replace the loading on the frame by a single resultant force. Specify where the force acts, 
measured from end B. 
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Chapter 4 


Given: 
F, =450N a=2m 
Fp = 300N b=4m 
F3 = 700N c=3m 
0 = 60 deg M = 1500 N-m 
@ = 30deg 
Solution: 
Fry = Fy cos( 0) — F3sin(¢) 
Fry = -F1 sin( 6) ~ F3c0s(¢) —F2 


F = J Fry + Fry 


0, = atan} — 
FRx 


FRyx = F1 sin( 6)b —F3 cos( d)c —-M 


Fy sin( 6)b —F3 cos(d)c -M 
a ae 
Fry 


Fry = —-125 N 


Fry = -1.296 x 10° N 


F = 1.302x 10° N 


61 = 84.5deg 


x=1.36m (to the right) 


Problem 4-117 


Replace the loading system acting on 
the beam by an equivalent resultant 
force and couple moment at point O. a 


M 


Given: 
Fy = 200 N 
F2 = 450 N r ° 
M = 200 N-m 
a=0.2m 
b=15m 
c=2m 
d=15m 
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0 = 30 deg 
Solution: 
0 ~sin( 6) 
FR = Fiz|/ 1/+ Fo ~cos(8) 
0 0 
—225 
FR =| -190 | N |FR| = 294 N 
0 
b+c 0 b -sin( 6) 0 
Mo = a x| Fz} 1 ||/+]a|x|Fo ~cos( 6) +M| 0 
0 0 0 0 -1 
0 
Mo = 0 N-m 
—39.6 
Problem 4-118 F 
F, 
Determine the magnitude and direction 0 i F 
of force F and its placement d on the 
beam so that the loading system is / b. 2 


equivalent to a resultant force Fp acting 


vertically downward at point A anda ha + 
clockwise couple moment M. aa 
Units Used: 
kN = 10° N ae a ee : 
Given: 
F;, =5 kN a=3m 
Fo =3 kN b=4m 
FR = 12 kN c=6m 
M=50kN-m e=7 f = 24 
Solution: 
Initial guesses: F=1kN 0 = 30 deg d=2m 


298 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 4 


Given —— |F1 + Fcos(@ =0 
e a 


aS ai sf Fsin(@ —F2=-FR 
ee 


af 
a F,a+Fsin(6 6)(a4 +b—d)+F2(a+b)=M 
e a 
F 
6 | = Find(F, 6,4) F = 4.427kN O=71.565deg d=3.524m 
d 


Problem 4-119 


Determine the magnitude and direction 0 of force F and its placement d on the beam so that the 
loading system is equivalent to a resultant force Fp acting vertically downward at point A and a 


clockwise couple moment M. 


Units Used: F 


Given: 


= 45kN-m e=7 i aad si . 
f = 24 
Solution: 
Initial guesses: F=1kN @ = 30 deg d=1m 
Given 


re + Fcos(@) =0 


—e 
(; e+ f 
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[aise 1 b—d) +Fo(a+b)=M 
e + f 


F 
6 | = Find(F, 6,4) F = 2.608kN 6=57.529deg d=2.636m 
d 


Problem 4-120 


Replace the loading on the frame by a single resultant force. Specify where its line of action 
intersects member AB, measured from A. 


Given: 
F,=500N a=3m 
FE, 
Renow =e 
C= tim iit Phe wg 
F3 = 250N fCl_|B _¥ KO 
d=2m \ K Ne ‘aca t D 
_ x h 
M=400Nm ,_ 3, “} 
! 
6=60deg f=3 B, | 
cos 
ey 
| 
i 
Solution: dhngetin _! 
A 
are *{5) ~ F1(cos(0)) Fry = -450 N 
Nemec f 
Fry = -F2- rf ta) ~ F;sin(6) Fy = -883.0127 N 
fi +g 
2 2 
FR = Fry + FRy FR = 991.066 N 
0; = atan pe 01 = 62.996 deg 
Rx 
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g 


joer 


-~Fp,(y) = M+ F,cos(6)a + F3 (b +a) — Fo(d) -*{ aig ere 


loot 


f 
M + F,cos(6)a + F3 —2—(b +. a) — F(a) - "ale +e) 
ger Vg of 


Jo ine 


y=1.78m 


Problem 4-121 


Replace the loading on the frame by a single resultant force. Specify where its line of action 
intersects member CD, measured from end C. 


Given: 

F,;=500N a=3m ole hk @ — JVs i By 

b=2 (Cc B Aa 
=2m + 

Fz = 300N ( ’ r— D 
c= 1 m a hb 

F3 = 250N 
d t 


6 = 60 deg f=3 


=2m i } ' 
M = 400 N-m 
e=3m 
ee 
i 


Solution: 
FRx = *{es) — F1(cos(6)) FRx = —450 N 
Gr 
Fry = -F2 - rf a) — F;sin(@) Fry = -883.0127 N 
vf +g 


Fr = Fry + Fry FR = 991.066 N 
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F 
Oo, = van =) 01 = 62.996 deg 
FRx 
f 
Fpy(x) = M- F2(d+ 0) - I +d+e) —Fj(b) cos( 6) — Fz csin(6) 
Vg + f 


M — Fo(d+c) “8 


x= 


rae +d+e)—F ,(b) cos( 6) —Fy csin( 0) 
vo +f 
Fry 
x = 2.64 m 


Problem 4-122 


Replace the force system acting on the frame 
by an equivalent resultant force and specify 
where the resultant's line of action intersects 
member AB, measured from point A. 


Given: 


F, =35lb a=2ft 


F> =20lb b=4ft 


F3 =25lb c=3ft 


0 = 30deg d =2 ft 


Solution: 


Fry = F,sin(0) + F3 Fry = 42.5 1b 


Fry = -F1c0s(6) - F2 Fry = -50.311 Ib 


Fr = Fry + Fry ssa: 


Fry 
0; = atan| —— 0; = —49.8 deg 
FRx 


Fryx = -F1cos(0)a — Fo(a + b) + F3(c) 
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-Fj cos( 0)a — F(a + b) + F3(c) 
ee x = 2.099 ft 
FRy 


Problem 4-123 


Replace the force system acting on the frame by an equivalent resultant force and specify where the 
resultant's line of action intersects member BC, measured from point B. 


Given: 
Fy, = 35 |b 
F> = 20 Ib 
F3 = 25 1b 
6 = 30 deg 
a=2ft 
b=4 ft 
c=3ft 
d =2 ft 
Solution: 
Fry = F,sin(0) + F3 Fry = 42.5lb 
Fry = -F1c0s(0) - Fo Fry = 50.311 Ib 
2 2 
Fr =. Fry + Fry FR = 65.9 1b 
FR 
O1 = van =) 0; = —49.8 deg 
FRx 


Frxy = F1,cos(0)b + F3(c) 


303 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 4 


Fy cos(6)b + F3(c) 
Vee ee y=4.617ft (Below point B) 
FRx 


Problem 4-124 


Replace the force system acting on the frame by an equivalent resultant force and couple moment 
acting at point A. 


Given: 


F, = 35 lb a=2ft 


F> = 20 lb b=4ft 


F3 = 25 lb c=3ft 


6 = 30 deg d=2ft 


Solution: 
Fry = F,sin(6) + F3 Fry = 42.51b 
Fry = F1cos(0) + Fo Fry = 50.311 1b 
ae: 2 
FR = FRx + Fry FR = 65.9 1b 
FR 
1 = van =) 01 = 49.8 deg 
FRx 
Mpa = —F1cos( Oa — Fo(a + b) + F3(0) Mpa = —106 lb-ft 


Problem 4-125 


Replace the force and couple-moment system by an equivalent resultant force and couple 
moment at point O. Express the results in Cartesian vector form. 
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Units Used: , 
‘ M 4 
kN = 10" N ; il 
Sg arg 
Given: i \ y 
8 i a J—— 
OP AN j 
= — OQ 4 
F 6 | kN a=3m e=5m —= aa - =" 
8 
b=3m (26K sl 
—20 “ — 
c=4m alee . fe 
M =| -70 | kN-m g = | ! 
20 d=6m 
Solution: 
_f —10 
ee Mr =M+| e |xF FR =| 6 {kN Mp=| 18 |kN-m 
g 8 —56 


Problem 4-126 


Replace the force and couple-moment system by an equivalent resultant force and couple 
moment at point P. Express the results in Cartesian vector form. 


Units Used: 
kN = 10° N 
Given: 
8 
F =| 6] kN M ; 
8 be? eo 
—20 a \ 4 
a ej 
M =| -70 | kN-m i ia + 
= a. f 
20 0 oO 
= ot ie 
a=3m <a | 
Pe ud 
b=3m e=5m A j 
' 7 
c=4m f=6m | 
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Solution: 
—f 8 —46 
FR =F Mr =M+ e |xF FRrp=/6 {kN Mr=| 66 |kN-m 
d+g 8 —56 


Problem 4-127 


Replace the force and couple-moment system by an equivalent resultant force and couple 
moment at point Q. Express the results in Cartesian vector form. 


Units Used: | FE 


M 
er : Z 
kN = 10° N Sg Ya 
= hy af 
Given: tl oO 
' Se 7 o 
8 Pom A, 
y r oO e . ' 
F =/6]|kN _——_ A = 
YW" 
8 i 
a } 
—20 ox u 
r 
M =| -70 | kN-m | 
20 
a=3m 
b=3m e= 
c=4m f=6m 
d=6m g=5m 
Solution: 
0 8 —10 
Fr =F Mr=M+|e|xF FR=|6/kN MR =| —-30 |kN-m 
g 8 —20 


Problem 4-128 


The belt passing over the pulley is subjected to forces F, and F,. F, acts in the —k direction. 


Replace these forces by an equivalent force and couple moment at point A. Express the result in 
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Cartesian vector form. 
Given: 
F, = 40N r = 80 mm 


Fy =40N~— a = 300 mm 


O = 0 deg 
Solution: 

0 

Fyy = Fy} 0 

—1 

0 
Fo, = Fo ~cos( 8) my =| r r= -rsin( 6) 
—sin( 0) 0 rcos( 8) 


FR = Fiy+ Foy Ma = 11x Fiy +12 x Foy 


0 0 
Fr =| -40|N Ma =| -12 |N-m 
-40 12 


Problem 4-129 


The belt passing over the pulley is subjected to forces F, and F,. F, acts in the —k direction. 


Replace these forces by an equivalent force and couple moment at point A. Express the result in 
Cartesian vector form. 


307 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 4 


Given: 7 
F;, = 40N 
Fo = 40N 
O = 0 deg 
r = 80 mm 


a = 300 mm 


0 = 45 deg 
Solution: 
0 0 —d —a 
Fyy = Fy} 0 Fo, = Fo —cos( 8) my=|r r= -rsin( 6) 
-1 -sin(6) 0 rcos( 6) 


FR = Fiy+ Foy Ma = 11 x Fy +12 x Foy 


0 0 
Fr =| -28.28|N Ma =| -20.49 |N-m 
68.28 8.49 


Problem 4-130 


Replace this system by an equivalent resultant force and couple moment acting at O. Express the 
results in Cartesian vector form. 


Given: 
F; =50N 
Fo = 80N 
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F3 = 180 N 
a=1.25m 
b=05m 
c = 0.75 m 
Solution: 
e 
0 0 0 
FrR=| 0 }+]/ O |+] O 
Fy —F) —-F3 
0 
Fr=| 0 |N 
—210 
at+c 0 a 0 a 0 -15 
Mo = b |x} O |+]b {x} O |+]0]x]} 0 Mo =| 225 |N-m 
0 Fy 0 —F9 0 —F3 0 


Chapter 4 


Problem 4-131 


Handle forces F, and F, are applied to the electric drill. Replace this system by an equivalent 
resultant force and couple moment acting at point O. Express the results in Cartesian vector 


form. 
Given: 
a=015m 
ad 
b = 0.25 m So 
c=03m ; 
6 
Fy =| -3 |N 
—10 
0 
Fo =| 2 |N 
-4 
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Solution: 
6 
FR = Fi +F2 FR=| -1 |N 
—14 
a 0 IES 
Mo =| 0|xFi+|-b|x Fo Mo=/ 33 |N-m 
Cc Cc —0.45 


Problem 4-132 


A biomechanical model of the lumbar region of the human trunk is shown. The forces acting in 
the four muscle groups consist of Fp for the rectus, F, for the oblique, F, for the lumbar 


latissimus dorsi, and Fy, for the erector spinae. These loadings are symmetric with respect to the 


y -zplane. Replace this system of parallel forces by an equivalent force and couple moment 
acting at the spine, point O. Express the results in Cartesian vector form. 


Given: 
FrR=35N az=75mm 


Fo =45N b=45mm 


Fr, =23N c=15mm 


<i 
Il 
w 
oS 
3 
5 


Fr = 32N 


e=40mm _ f =30mm 


Solution: 

‘ y 
Fres= LF 3 FRes = 2(Fr+ Fot Fr+ Fe) FRes = 270 N 
Mpox= =Mox3 Mro = —2FRa+ 2FRc+ 2FLb MrRo = —2.22 N-m 


Problem 4-133 


The building slab is subjected to four parallel column loadings.Determine the equivalent resultant 
force and specify its location (x, y) on the slab. 
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Units Used: 
kN = 10°N 
Given: 


F, =30kN a=3m 
F7 =40kN b=8m 


F3 =20kN c=2m f 


Fy=50KN d=6m x 


Solution: 
‘4 Fp==F,; Fr =F, +Fo+F3+ Fy 
Fp = 140kN 


Mp==My — -F p(y) = -(Fa)(@) -[(Fi)(a + »)] -[(F2)(a+ b+ 9)] 


Fyga+F,a+F,b+Foa+Fob+Foc 


y Ea 


y=7.14m 


Mp==My, _— (Fp)x = (Fa)(e) + (F3)(d + &) + (F2)(b+ 0) 


Fye+F3d+F3e+Fob+Foc 
= ae 


x 


x=5.71m 


Problem 4-134 


The building slab is subjected to four parallel column loadings. Determine the equivalent resultant 
force and specify its location (x, y) on the slab. 
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Units Used: 
kN = 10°N 
Given: 


F, =20kN a=3m 


I 
lee) 
= 


F> =50kN b 


F3 = 20kN c=2m 


F,=50kN d=6m al 


Solution: 
Fp =F, +Fo+F3+F4 FR = 140kN 


FRrx = Foe+Fy(d+e) + Fo(d+e) 


2Foe+Fy,d+F,e+Fod 


x x= 643m 
FR 
—Fry = —-Foa —- F3(a+ b) —- Fo(a+b+c) 
2Foa+F3a+F3b+Fob+Foc 
y= oo y=7.29m 


FR 


Problem 4-135 


The pipe assembly is subjected to the action of a wrench at B and a couple at A. Determine the 
magnitude F of the couple forces so that the system can be simplified to a wrench acting at 
point C. 

Given: 


a=06m 
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b =0.8m 
c =0.25m 
d=0.7m 
e=0.3m 
f=03m ) 
g=05m 
h = 0.25 m v 
P=60N 
Q=40N 
Solution: 


Initial Guess F=1N Mc=1Nm 


Given 
—Mc) [-P(c+h) 0 a) (-Q 
0 = 0 + 0 +|b]x] 0 
0 0 -F(e+f)| \O 0 
F 
= Find(F,Mc) Mc = 30N-m P52, 22N 
Mc 


Problem 4-136 


The three forces acting on the block each have a magnitude F, = F', = F3. Replace this system 


by a wrench and specify the point where the wrench intersects the z axis, measured from 
point O. 


Given: 


F,=10lb a=6ft 


F 9 = Fy b=6ft 
F3 = Fy c=2 ft 
Solution: 


The vectors 
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Chapter 4 
b 0 —b 
Fy F3 
Fiy = foo —a Foy =| —F2 F3y = a 
Vb +a \ g 0 b +a \ g 


Place the wrench in the x - z plane. 


Guesses x=1ft z=1ft M =1|bft Ry =11lb Ry =11b R, = 1b 
Rx 
Given Ry = Fyy + Foy + F3y 
R; 
x Rx Rx 0 0 b 
M 
0 |x| Ry | + ——___| R, | =| a |x Foy +] a | x Fay +| 0 | x Fay 
| 2 2 2 
Z R, Ry + Ry + R;z R, ce 0 Cc 
x 
* R 
M a x 
= Find(x,z,M,Rx,Ry,Rz) My = ——————— ky 
Rx HRP eR GRE 
y 
R,; 
0 Rx 0 
xX 0 
= ft My = | -14.142 | Ib-ft Ry | =| -10 |b 
Z 0.586 
0 R, 0 


Problem 4-137 


Replace the three forces acting on the plate by a wrench. Specify the magnitude of the force 


and couple moment for the wrench and the point P(x, y) where its line of action intersects the 
plate. 


Units Used: 


kN = 10°N 
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Given: 
Fa = 500 N 
Fp = 800 N 
Fo = 300 N 
a=4m 
b=6m 
“y 
Solution: 
Fa 
FR =| Feo 
FB 


Guesses x=1lm y=1m M=100N-m 


x b 0 0 0 
FR 
Given “cial y xFR= a|x Fo +|}a sx 0 
e 0 0 0 0 Fp 
M 
x 1.163 
x | = Find(M,x, y) M = 3.07kN-m - m 
y 2.061 
y 
Problem 4-138 | 
Replace the three forces acting on the l io 
plate by a wrench. Specify the magnitude = ee | 
of the force and couple moment for the a A F 
wrench and the point P(y, z) where its u 
line of action intersects the plate. t- = 
——— <2 = —T fi 
Given: 7 
) 
Fa = 80 lb a = 12 ft f | 
Fp =60lb b=12ft oe a 
Fc = 40 lb sett =~, 
C FE 
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Solution: 
-Fco 

Fr =| —Fp |FR| = 108Ib 
-Fa 


Guesses y=1ft z=1ft M=1\Ibft 


0 —-Fco 0 0 
FR 
Given “ileal y|xXFR=/]a/x} Oo [+ x| —Fp 
R 
0 0 b 0 
M 
y 0.414 
y | = Find(M, y,z) M = -624 lb-ft = ft 
Z 8.69 
Z 


Problem 4-139 


The loading on the bookshelf is distributed as shown. Determine the magnitude of the equivalent 
resultant location, measured from point O. 


Given: 


wy = 2— 


c = 1.5 ft 
Solution: Guesses R=11]b d = ift 


Given wib+woc=R 


b 
wit(o-3] wo § +b-a] =-dR 


R 
a = Find(R,d) R = 13.25 lb d = 0.34ft 
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Problem 4-140 


Replace the loading by an equivalent resultant force and couple moment acting at point A. 


Units Used: 
- a oe — hb —e 
kN = 10° N 
Given: 
N 
wz = 600 — 
m 
N 
w2 = 600 — 
m 
aqa=25m 
b=2.5m 
Solution: 
FR = wja-w2b FrR=0N 
a+b 
Mra = wi a 5 Mra = 3.75 kN-m 


Problem 4-141 


Replace the loading by an equivalent force and couple moment acting at point O. 


Units Used: 


ms ct 


w= 6 ——=s | 

m | 

- a = h - 
F = 15 kN 
M = 500 kN-m 
a=75m 
b=45m 
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Solution: 


1 
Fr = 5watb)+F  Fr=SLOKN 


Problem 4-142 


Replace the loading by a single resultant force, and specify the location of the force on the beam 
measured from point O. 


Units Used: 


kN = 10° N 


Given: Bi aii Ts Y 
kN ae! maa lo 


w = 6 — 
m 
F = 15 kN r , T ? j 
M = 500 kN-m 
a=75m 
b=45m 
Solution: 
Initial Guesses: Fr =1kN d=1m 
Given 


1 
ER = aay 


Fpd=-M : : kh : F b 
—PRad=-— i ak 3 “(5 ene Ae (a+b) 


FR 
= Find(FR,d) Fp =51kN d = 17.922 m 
d 


Problem 4-143 


The column is used to support the floor which exerts a force P on the top of the column. 
The effect of soil pressure along its side is distributed as shown. Replace this loading by an 
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equivalent resultant force and specify where it acts along the column, measured from its 
base A. 


Units Used: kip = 10° Ib 


Given: 
P = 3000 lb 
80 a 
Ww] = — 
; ft 
200 2 
Ww? = — 
2 ft 
h=9 ft 
Solution: “ 


1 
Fry = wyzht 5 (v2 7 w1)h 


FRx =1260lb Fry =P 


Ppeslee 4 P Fp = 3.25kip 


P 
0 = atan| —— 0 = 67.2 deg 
FRx 


1 h h 
Fryy = 5 (v2 —wi)he + wi] bs 


1 2 w2+2 wy 
y=-—h —_— y = 3.86 ft 
6 Fry 


Problem 4-144 
Replace the loading by an equivalent force and couple moment at point O. 
Units Used: 

kN = 10° N 


Given: 
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d=9m 
Solution: 
1 
FR = 5(w1 + wa)d FR = 90kN 
d 1 d 
MrRo = es + 5 (m1 - wa)d= Mro = 338kN-m 


Problem 4-145 


Replace the distributed loading by an equivalent resultant force, and specify its location on the 
beam, measured from the pin at C. 


Units Used: 
kip = 10° Ib on 
Given: 4 a 
q ‘i 
lb Pp __.. A he _| “8 
w = 800 — = a) a 
ft ‘ 
a = 15 ft 
b = 15 ft ; : zt , 
0 = 30 deg 
Solution: 
wb 5 
FR = UE ge FR = 18kip 
a *| 
FRx =wa-—+—|a+— 
2 3 
a a | 
wa—+—|la+— 
2 2 3 
xX = x= 11.7 ft 


Problem 4-146 


The beam supports the distributed load caused by the sandbags. Determine the resultant force 
on the beam and specify its location measured from point A. 
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Units Used: kN = 10° N 
Given: 
kN 
wy =15— a=3m 
m 
kN 
w2 = 1— b=3m 
m 
kN 
w3=25— c=15m 
m 
Solution: 
FR = wja+wob+w3c FR = 11.25kN 
M Gok eee da+b+— 
=wja—+w —|+w a 
A 1 9 ‘2 9 3 > 
Ma 
Ma = 45.563 kN-m d= a d= 4.05 m 
R 


Problem 4-147 


Determine the length b of the triangular load and its position a on the beam such that the 
equivalent resultant force is zero and the resultant couple moment is M clockwise. 


Units Used: 


- hb — ie —ag— ~ 


kN = 10° N ee 
Given: || Vy | ‘. 
yy pi: 
kN kN . 
wi = 4— w2 = 2.5 — ; A Alas 
m m " ‘BL “= - 


M =8kN-m c=9m 


Solution: 
Initial Guesses: a=im b=1im 
Gi ee 0 
iven —w —woC= 
Fe ne ia 
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Problem 4-148 


Replace the distributed loading by an equivalent resultant force and specify its location, 
measured from point A. 


Units Used: wv 
kN = 10°N 


Given: 


N 
wz = 800— 
m 


N 
w2 = 200— 


aqa=2m 


b=3m 


Solution: 


1 
Fr = wob+wja4 5 (m1 w2)b FR = 3.10kN 


F ae bfa+—}4 Hee 
xFrR=wja—+—(w, —w —|+w = 
R 1 5 5 1 2 3 4 5 


a 1 b b 
wja-+— = bha+—]|+woblat+— 
10S +360 —wa)i{a+ 2} + woe{a+ 2] 
SSS ess x = 2.06 m 
FR 


Problem 4-149 


The distribution of soil loading on the bottom of a building slab is shown. Replace this loading 
by an equivalent resultant force and specify its location, measured from point O. 


Units Used: 
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kip = 10°Ib 
Given: 
_ Ib 
Wi = aed O 
ate ak Mix 
lb en yaar ee eee 4 
mame EEE 
100 = 
WwW. = —_— . 
? ft Ws 
- a ole h -| 
a= 12 ft 
b = 9 ft 
Solution: 
1 1 ; 
Fr = wia4 5 (we w1)a 5 (we w3)b + w3b FR = 3.9kip 


1 2 1 b b 
Frd= wias + awa wija> + 5 (we - ws}i(o 2) waif a+ 2) 


3.w3 ba+2w3b+wy a 22 ae Wee 8h wa 
d = ——.lHq d= 11.3 ft 
6FR 


Problem 4-150 


The beam is subjected to the distributed 
loading. Determine the length b of the 
uniform load and its position a on the beam 
such that the resultant force and couple 
moment acting on the beam are zero. gee 


Given: b 2 
Ib ee 
wi =40— ~~ c = 10ft 4. | 
ft of — 
lb — 
wee d = 6ft 
ft 
Solution: 
Initial Guesses: a=1ft b = lift 
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Given 


: d b=0 : d ane b i 0 
—w2d—w,b= —w2d)c+—|—-wyzb}at+—j|= 
Zee a8 ay. 2 
a a 9.75 
= Find(a, b) = ft 
b b 4.5 


Problem 4-151 


Replace the loading by an equivalent resultant force and specify its location on the beam, 
measured from point B. 


Units Used: | 
kip = 10° Ib 
Given: 
ae 
wz = 800 — —¥ 
ft 1 fa be 
Pierre Bie 
500 2 | 
W2 = Te - i oe h o~ 
2 ft j 
a = 12 ft 
b = 9 ft 
Solution: 
1 1 , 
Fr= Pigs: su w2)b + wob FR = 10.65 kip 
FRx =-—awyj oo —(w1 - w2)b — + wob— 
2 3 3 2 
1 a b 
—-daw,—+—|(w] —- w2Jb— + wob— 
ene (w1 — w2) aie 
po ee x = 0.479 ft 
FR 
(to the right of B ) 


Problem 4-152 


Replace the distributed loading by an equivalent resultant force and specify where its line of action 
intersects member AB, measured from A. 
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Given: " 


w2 = 100— —_—_ 
m ca 
w3 = 200— , ‘ 
m ———_ 
_— 
aqa=5m 
+~———— 
b=6m = 
—_——_+} 
Solution: 
Fry = —-w3a Fry = —1000N 
Fry = —(w, + w2)b Fry = -900 N 
Ry = (wi + w2) Ry 
a b 61 b 
-yFpy = w3a-— — wob— — —|w] -— wo2)b— 
veRe= wad ee, 5 1 — w2) - 
a b 61 b 
w3a— — wob— — —(w7 — wo)b— 
3 5 2 5 5 lw 2) 3 ne 
_ ee re =0.1m 
y “Fre y 


Problem 4-153 


Replace the distributed loading by an equivalent resultant force and specify where its line of 
action intersects member BC, measured from C. 


Units Used: 


kN = 10°N 
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Given: 
N a 
ney yy 
m 
N : — 
w2 = 100— <i 
m 
w3 = 200— - 
a=5m 
b=6m 
Solution: 
Fry = —w3a Fry = —1000 N 
Fry = = (4 + w2)b Fry = -900 N 
2 
—-XFRy = —w3a—-+w b—+-(w ip 
Ry 3 225 Ft) ae 
b 1 2b 
w3d— + wob—+—(w1 — wo)b— 
3 20 5 1 — w2) 
x SS eee X = 0.556 m 
—FRy 
FRx 
= 1.345kN 


Chapter 4 


Problem 4-154 


Replace the loading by an equivalent resultant force and couple moment acting at point O. 


Units Used: 
kN = 10° N 


Given: 


kN 
wy = 7.5 — 
m 
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kN 
w2 = 20 — 
m 
a=3m 
b=3m 
c=45m 
Solution: 
1 1 
FR = 5(we wi)e + wic+wib+ Swia 
Fp = 95.6kN W 
M =| ek ieee |namaneer4|. 349 kN 
= ——(w2 - wy Jc— — wyc— — wb} c+ —]| ——wyza c+— =- -m 
Ro > 2 1 3 1 > 1 2 > 1 3 Ro 


Problem 4-155 W 


Determine the equivalent resultant force wa 
and couple moment at point O. 


‘ 
Units Used: i = Fy tater? | 
kN = 10° N T| | 
Given: eee a SEE EEE: ' 
= T 
a=3m i 7 - 
kN 
wo = 3 — 
m 
2 
x 
w(x) = wo(2) 
a 
Solution: 
a 
Fa- | w(x) dx FR =3kN 
0 
a 
Mo = | w(x)(a — x) dx Mo = 2.25kN-m 
0 
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Problem 4-156 
Wind has blown sand over a platform such that the intensity of the load can be approximated by 


3 
x 
the function w = wa (+) . Simplify this distributed loading to an equivalent resultant force and 


specify the magnitude and location of the force, measured from A. 


Units Used: 


kN = 10°N | "Q 


Given: i 


d=10m A 


3 
x 
oa 


Solution: 


d 
Fa- | w(x) dx FR = 1.25kN 


Problem 4-157 


Determine the equivalent resultant force and its location, measured from point O. 
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w -W = wy sin® x 


Solution: 


Problem 4-158 


Determine the equivalent resultant force acting on the bottom of the wing due to air pressure and 
specify where it acts, measured from point A. 


Given: =a 
a=3ft 
= — 1 
Ib Yr a 
k= ae 
ft 
A — 
2 
w(x) = kx er 
Solution: " 
a 
FR "| w(x) dx FR =774|b 
0 
‘da 
| xw(x) dx 
0 
xX = —————— r= Dain 
FR 


Problem 4-159 
Currently eighty-five percent of all neck injuries are caused by rear-end car collisions. To 
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alleviate this problem, an automobile seat restraint has been developed that provides additional 
pressure contact with the cranium. During dynamic tests the distribution of load on the cranium 
has been plotted and shown to be parabolic. Determine the equivalent resultant force and its 

location, measured from point A. 


Given: 


a = 0.5 ft 


w(x) = wo + kx 


Solution: 
a 
a - | w(x) dx FRr=7\|b 
0 
a 
| xw(x) dx 
0 
x = ————__ x = 0.268 ft 
FR 


Problem 4-160 


Determine the equivalent resultant force of the distributed loading and its location, measured from 
point A. Evaluate the integrals using Simpson's rule. 


Units Used: v 


3 —————— 
EN ata Wa) Sf OCs te 


Given: 
cj =9 \ 
co = 16 
a=3 
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b=1 
Solution: 
a+b 
r= | f C1X + co +x" dx 
0 
a+b 
2 
| Xqf CX +4/ CD +X dx 
0 
d SS — 


FR 


Chapter 4 


Fr = 149 


d= 227 


Problem 4-161 


Determine the coordinate direction angles of F, which is applied to the end A of the pipe 
assembly, so that the moment of F about O is zero. 


Given: 
F = 20 |b 
a = 8in 
b =6in 
c = 6in 
d = 10in 
Solution: 


Require M, = 0. This happens when force F is directed either towards or away from point O. 


Cc 0.329 
r 
r=|a+b u = TH u =| 0.768 
r 
d 0.549 
If the force points away from O, then 
a a 70.774 
B | = acos(u) B | =| 39.794 | deg 
y a 56.714 
If the force points towards O, then 
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a a 109.226 
B = acos(—u) B =] 140.206 deg 
y y 123.286 


Problem 4-162 


Determine the moment of the force F about 
point O. The force has coordinate direction 
angles a, B, y. Express the result as a Cartesian 
vector. 


Given: 


F = 20 lb a = 8in 


ll 
[p) 
_. 
=) 


a = 60 deg b 


B 


120 deg c = 6in 


y = 45 deg d = 10in 
Solution: 
c cos(a) 297.99 
r=|a+b Fy = F| cos(Z) M = rx Fy M =| 15.147 |Ib-in 
d cos(y) —200 


Problem 4-163 


Replace the force at A by an equivalent resultant force and couple moment at point P. Express 
the results in Cartesian vector form. 


Units Used: 
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kN = 10° N : 
Given: \ ; 
7% 
a=4m 
b=6m 7 2 
=8m pare 
d=4m z L a , 
~300 Fe 
P 
F =| 200 |N 
\ 
—500 
Solution: 300 
Pee Fr=| 200 | N 
—500 
-a-C —3.8 
Mp = b x F Mp =| —7.2 |kN-m 
d —0.6 


Problem 4-164 


Determine the moment of the force F, about the door hinge at A. Express the result as a Cartesian 
vector. 
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Given: 
F = 250 N 
b=1m 
c=25m 
d=15m 
e=05m 
0 = 30 deg 

Solution: 


c-e 
rcp =| b+ dcos( 8) 
—dsin( 0) 


Ma = rap~x Fy 


Chapter 4 


0 
TCB 
rAB = b Fy = Trea 
CB 
0 
—59.7 
Ma = 0.0 |N-m 
—159.3 


Problem 4-165 


Determine the magnitude of the moment of the force F< about the hinged axis aa of the door. 
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Given: 
F = 250 N 
u 
b=1m 
c=25m 
d=1.5m 
e=05m 
0 = 30 deg 
Solution: Cae - 
c-e 0 1 
TCB 
rCB = b + dcos( 6) rAB =| b Fy = F-— Ug =| 0 
[rcs 
—dsin(6) 0 0 
Maa = (raBx Fy)-ua Mga = —59.7N-m 


Problem 4-166 


A force F,, acts vertically downward on the Z-bracket. Determine the moment of this force 
about the bolt axis (z axis), which is directed at angle @ from the vertical. 
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Given: z 
F, = 80N 
a = 100 mm 
b = 300 mm 


c = 200 mm 


0 = 15 deg 
Solution: 
—b 
r=|a+t+c 
0 
sin( 6) 
F = Fy 0 
~cos( 6) 
0 
k =| 0 
1 
M, = (rx F)k 


M, = -6.212N-m y 


Problem 4-167 


Replace the force F having acting at point A by an equivalent force and couple moment at 
point C. 


Units Used: kip = 10° Ib 


Given: 
F = 50 lb 
a = 10 ft 
b = 20 ft 
c= 15ft 
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d = 10 ft z 
e = 30 ft 
Solution: 
d 
rAB = Cc 
—e 
TAB 
Fy, = F7—— 
[rap 
0 
rca =| a+b 
ic 
14.286 
Fr = Fy Fr=| 21.429 | lb 
—42.857 
—1.929 
Mr = rca x Fy Mr=| 0.429 |kip-ft 
—0.429 


Problem 4-168 


The horizontal force F acts on the handle of the wrench. What is the magnitude of the moment 
of this force about the z axis? 


Given: 
F = 30N 
a = 50 mm 
b = 200 mm 
c = 10mm 
0 = 45 deg 
Solution: : a 
sin( 6) =C 0 
Fy = F| -cos(6) roa =| b k =| 0 
0 a 1 
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M, = (roa x Fy)k M, = -4.03N-m 


Problem 4-169 


The horizontal force F acts on the , EF 
handle of the wrench. Determine the e ey 7 
moment of this force about point O. , = == > \ Ah) 
e 5 a 2 —— i lS 
Specify the coordinate direction | : | 
angles a, f, v of the moment axis. / iin 
: 1 O} 
Given: -— 
F=30N c=10mm 
a=50mm @ = 45 deg 
b = 200 mm 
Solution: 
sin( 6) —C 
Fy = F| -cos(6) YOA =| Db 
0 a 
1.06 
Mo = roa x Fy Mo =| 1.06 |N-m 
—4.03 
a a 75.7 
Mo 
B | = acos B\=| 75.7 |deg 
[Mo| 
y y 159.6 


Problem 4-170 


If the resultant couple moment of the three couples acting on the triangular block is to be zero, 
determine the magnitudes of forces F and P. 
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a 
Il 
Ww 
iets 
=) 


Solution: 


Initial Guesses: F=1\)b P=1)b 


Given 
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Problem 5-1 


Draw the free-body diagram of the sphere of weight W resting between the smooth inclined 
planes. Explain the significance of each force on the diagram. 


Given: 
W = 10 lb 
0, = 105 deg 
02 = 45 deg 
6, 
! 
W 
Solution: 
Ny a 
Wy =U) { \ 
N,; Nz force of plane on sphere. Th 
\ } 
W force of gravity on sphere. \ Rr 


Problem 5-2 


Draw the free-body diagram of the hand punch, which is pinned at A and bears down on the 
smooth surface at B. 


Given: se 
"Se 
F =8lb a 
a=15 ft q 
b = 0.2 ft | 
c=2ft tT 
h - ( =| 
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Solution: 


Problem 5-3 


Draw the free-body diagram of the beam supported at A by a fixed support and at B by a roller. 
Explain the significance of each force on the diagram. 


Given: 


b=4 ft | P 


S 
lI 


30 deg 


Solution: 


Zh 
VAN Nyy 
t 


A, Ay, Maeffect of wall on beam. 


Np force of roller on beam. \ 


wa 
oF resultant force of distributed load on beam. 


Problem 5-4 


Draw the free-body diagram of the jib crane AB, which is pin-connected at A and supported by 
member (link) BC. 
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Units Used: 
kN = 10° N 
Given: 
F =8kN 
a=3m 
b=4m 
=0.4m 
d=3 
e=4 
Solution: 


Problem 5-5 - a cal 


Draw the free-body diagram of the 
C-bracket supported at A, B, and C by 
rollers. Explain the significance of each 
forcce on the diagram. 


Given: 
a=3ft 
b= 4 ft 
0; = 30 deg 
02 = 20 deg 
F = 200 lb 
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Solution: 


N,, Ng, Nc force of rollers on beam. 


Problem 5-6 


Draw the free-body diagram of the smooth 
rod of mass M which rests inside the 

glass. Explain the significance of each 
force on the diagram. 


Given: 
M = 20 gm 
a = 75 mm 
b = 200 mm 
0 = 40 deg 
Solution: 


A,, A,, Np force of glass on rod. 


M(qg) N force of gravity on rod. 


Problem 5-7 


Draw the free-body diagram of the “spanner wrench” subjected to the force F. The support at 
A can be considered a pin, and the surface of contact at B is smooth. Explain the significance of 
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each force on the diagram. 
Given: 

F = 20 |b 

a=1in 


b = 6in 


Solution: 


A, Ay, Np force of cylinder on wrench. 


Problem 5-8 


Draw the free-body diagram of the automobile, which is being towed at constant velocity up the 
incline using the cable at C. The automobile has a mass M and center of mass at G. The tires are 
free to roll. Explain the significance of each force on the diagram. 


Units Used: 
Mg = 10° kg 
Given: 


M=5Mg d=150m 


a=03m e=06m 


b = 0.75 m 0; = 20 deg 
c=l1m 07 = 30 deg 
‘ 
= 9.81 — | 
g 2 
S 
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Solution: 


Na, Ng force of road on car. 


F force of cable on car. 
Mg force of gravity on car. 


Problem 5-9 


Draw the free-body diagram of the uniform bar, which has mass M and center of mass at G. The 
supports A, B, and C are smooth. 


Given: 
M = 100 kg 
a=1.75m 
b=1.25m 
c=0.5m 
d=0.2m 
g = 9.81 e 2 
Solution: Mv 
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Problem 5-10 


Draw the free-body diagram of the beam, which is pin-connected at A and rocker-supported at B. 


Given: r 
F = 500 N 
M = 800 N-m 
a=8m 
b=4m 
c=5m 
Solution: 


ue 
lan 'tath) ey 


Problem 5-11 


The sphere of weight W rests between the smooth 
inclined planes. Determine the reaactions at the 


supports. 
Given: 
W = 10 lb 
0, = 105 deg 0; 
0 = 45 deg t 
Solution: 


Initial guesses 
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Na = 11]b Np = 11b 


Given £ ~~ 
4, = KP Sa/ \ 


Npcos( 0 — 90 deg) = Nacos( 62) =0 \ } 


Nasin( 42) — Ngsin( 6; - 90 deg) - W = 0 
Na) _ aoe ee aL 
a (Na-Ne) Np) \14.1 


Problem 5-12 


Determine the magnitude of the resultant force acting at pin A of the handpunch. 


Given: +——_ } 
F = 8lb ; 
a 
a = 1.5 ft 
f A 
b = 0.2 ft < R 
c=2 ft 
h ag * 
Solution: F 
a 
tt 
hy 
BS 
By 
= F,=0; A, -F =0 Ay =F Ay = 81b 
a 
x M=0; Fa-Ayc=0 ay Se Ay = 61b 
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Fa = Ay + Ay” eee tone 


Problem 5-13 


The C-bracket is supported at A, B, and C by rollers. Determine the reactions at the supports. 


Given: - a -| 
a= 3 ft 
b = 4 ft 
0; = 30 deg 
02 = 20 deg 
F = 200 lb 
Solution: 


Initial Guesses: 


NA = 1 Ib N, 

Ng =11b | | 

Nc = 11b | ae 
\ athe Le 8 


Given Ke TRS 
e 
Naa-Fb=0 ——— 
Npsin(01) — Ncsin(42) = 0 “w Ni 


Npcos( 61) + Nccos( 82) -Na-F=0 


Na NA 266.7 

Np | = Find(N4,Ng.Nc) Np | =| 208.4 |Ib 

Ne Nc 304.6 
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Problem 5-14 


The smooth rod of mass M rests inside the 
glass. Determine the reactions on the rod. 


Given: 
M = 20 gm 
a= 75 mm 
b = 200 mm 
0 = 40 deg 
ga oei 
52 
Solution: 


Initial Guesses: 


Ax=1N Ay=1N Ng=1N 


Given 
Ax — Ngsin(6) = 0 


Ay- Mgt Ngcos( 8) =0 


a+b 
—Mg cos( 6) + Ngb = 0 
AS Ax 0.066 
Ay | = Find(Ay, Ay, Np) Ay | =| 0.117 | N 
Np Np 0.103 


Chapter 5 


Problem 5-15 


The “spanner wrench” is subjected to the force F. The support at A can be considered a pin, 
and the surface of contact at B is smooth. Determine the reactions on the spanner wrench. 
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Given: 
F = 20 lb 


a=1in 


b = 6in 


Solution: 


Initial Guesses: 


Ay = 1 |b F 

Ay-= 1b 

Np = 1 |b a 
h 

Given 
—~A, + Np =0 Ay-F=0 -F (a+b) +Aya=0 

Ax Ax 140 

Ay | = Find(Ay, Ay, Np) Aya =) e20 0b 

NB Np 140 


Problem 5-16 


The automobile is being towed at constant velocity up the incline using the cable at C. The 
automobile has a mass M and center of mass at G. The tires are free to roll. Determine the 
reactions on both wheels at A and B and the tension in the cable at C. 


Units Used: 


Mg = 10° kg kN = 10°N 
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M=5Mg d=1.50m 
a2 
a=03m e=06m 


b=0.75m 6; = 20 deg 


c=l1m 07 = 30 deg 
9.81 — 
g = 9.01 — 
52 A > 
| 
Solution: 


Guesses F=1kN Na=1kN Np=1kN 


Given 


Na+Npt+F sin( 02) -Mg cos( 07) =0 


—F cos( 2) +Mg sin( 0) =0 


F cos( 4) a-F sin( 09) b-Mg cos( 07) c-Mg sin( 07) e+ Np(c+d) =0 


F F 19.37 
Na | = Find(F, Na, Np) Na | =| 13.05 | kN 
Np NB 23.36 


Problem 5-17 


The uniform bar has mass M and 
center of mass at G. The supports 
A, B, and C are smooth. Determine 
the reactions at the points of contact 
at A, B, and C. 


Given: 
M = 100 kg 
a=1.75m 
b = 1.25 m 
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c=05m 
d=0.2m 
0 = 30 deg 
m 
g = 9.81 2 
Solution: 


The initial guesses: 


Na = 20N 

Ng = 30 N 

Nc = 40 N 
Given 


\ XM, = 0; —~Mgcos( @)a - Mgsin(6) : + NB sin(0)d + NC(a+b) =0 


14 By 0; Np-Mg+Nc cos( 8) =0 


ne F,=0; Na — Nc sin(@) = 0 


Nc Nc 493 
Np | = Find(Nc, Ng, Na) Np | =| 554] N 
Na Na 247 


Problem 5-18 


The beam is pin-connected at A 
and rocker-supported at B. 
Determine the reactions at the pin A 
and at the roller at B. 


Given: 
F = 500 N 
M = 800 N-m 
a=8m 
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. 
~ tan! (a +h) 


Solution: y ae 


Cc \ 
a = atan 
a+b 


OS cane 
a A, 
& =M, = 0; -F — -M+Bya=0 


» 
(aah) 


P| 
cos( a) 


Fa+M cos(a) 
By — 


cos(a) a 
By = 642 N 
+ 
— SF,=0;  -A,y+Fsin(a) =0 Ay = F sin(a) Ay = 192 N 
4x F,=0;  -Ay-F cos(a)+By=0 Ay =-F cos(a) +By Ay = 180 N 


Problem 5-19 


Determine the magnitude of the reactions on the beam at A and B. Neglect the thickness of the beam. 


Given: 
F, = 600 N 
F> = 400 N 
0 = 15 deg 
a=4m 
b=8m 
c=3 
d=4 

Solution: 


& &M = 0; By(a + b) — F2cos(6)(a + b) - Fya = 0 
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Fo cos( 8) (a+b)+ Fj a 


We oe By = 586 N 
“> 5F.=0;  Ay—Fosin(6) =0 
Ay = Fp sin(@) Ay = 104 N 
+E F,=0; Ay - Fy c0s(6) + By — Fy = 0 
Ay = F2 cos(0) — By + Fy Ay = 400 N 


Fa = Ay +A, jaye een 


Chapter 5 


Problem 5-20 
Determine the reactions at the supports. 


Given: 


thet iT, 


a = 6ft “3 


A —#H 
b — 6 ft ad a = hy abe = 
c = 6ft 
Wwe 
Solution: we La dy 5 
Guesses | 4 
Ay =1lb Ay =11b By =11b ; ==> 
Given Z . 
! \ ft, 
Ay = 0 Ay + By w(a + b) ae? 
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Chapter 5 
Ax Ax 0 
Ay | = Find(Ay, Ay, By) Ay | =| 2750 |Ib 
By By 1000 


Problem 5-21 


When holding the stone of weight W in equilibrium, the humerus H, assumed to be smooth, exerts 
normal forces F. and F, on the radius C and ulna A as shown. Determine these forces and the 


force F, that the biceps B exerts on the radius for equilibrium. The stone has a center of mass at 
G. Neglect the weight of the arm. 


Given: 
W=5l]b \ 
6 = 75 deg 
aq=2in | 
| 
b = 0.8 in \ 
c = 14in \ -——— 
F,.| f - 
? F, 
Solution: 1° 7 
& ©M,=0; —W(c—a)+Faa=0 
Gd 
Fa = w( ) 
a 
Fag = 301b 
tHE Fy=0; Fp sin(6)-W- Fa =0 
W+Fa 
FR = —— 
sin( 0) 
Fp = 36.2 lb 
+ 
— >F,=0; Fc-Fpcos(6) =0 
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Fo = Fp cos( 6) 


Fc = 9.378 1b 


Chapter 5 


Problem 5-22 


The uniform door has a weight W and a center of gravity at G. Determine the reactions at the 
hinges if the hinge at A supports only a horizontal reaction on the door, whereas the hinge at B 


exerts both horizontal and vertical reactions. 


Given: 
W = 100 lb 
a= 3 ft 
b=3 ft 
c = 0.5 ft 
d =2 ft 
Solution: 


W 


G 


Ay = W 
: 4 


LF,=0; By = Ay 


SFy=0; By=W 


Ax = 33.31b 


By = 33.31b 


Problem 5-23 


The ramp of a ship has weight W and center of gravity at G. Determine the cable force in CD 
needed to just start lifting the ramp, (i.e., so the reaction at B becomes zero). Also, determine the 
horizontal and vertical components of force at the hinge (pin) at A. 
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Given: 
W = 200 lb a=4ft 


6=30deg b=3ft 


od = 20 deg c= 6ft 


-Fcp cos( 0)(b +c) cos(¢) + Fop sin( 6)(b +c) sin(¢) + Wccos(¢) =0 


oo — Fep = 1951 
(b + c)(cos( 6) cos() — sin( 4) sin( 9) 
> 5 F.=0; Fcp sin(6) — Ay = 0 
Ay = Fcp sin(6) Ay = 97.5 1b 
sah F,=0;  Ay-W+Fcp cos(8) = 0 
Ay = W- Ecp cos(6) Ay = 31.2Ib 


Problem 5-24 


The drainpipe of mass M is held in the tines of the fork lift. Determine the normal forces at A 
and B as functions of the blade angle @ and plot the results of force (ordinate) versus @ (abscissa) 
for 0 < 0 < 90 deg, 
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Units used: 
Mg = 10° kg 
Given: 
M = 1.4 Mg 
a=04m 
= 9.1 — 
g=4. 5 
S 
Solution: . 
0 = 0..90 Tt 
( ) / , a 
Mgsin\@ deg f \ 
Na(6) = a 
10 \ / 


Np(@) = Mgcos(9 deg) Os x 


1 0° Ny 


Force in kN 


0 20 40 60 80 100 


0 
Angle in Degrees 


Chapter 5 


Problem 5-25 


While slowly walking, a man having a total mass M places all his weight on one foot. Assuming 
that the normal force N- of the ground acts on his foot at C, determine the resultant vertical 
compressive force F, which the tibia T exerts on the astragalus B, and the vertical tension F , in 
the achilles tendon A at the instant shown. 
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Units Used: 
kN = 10° N 
Given: 
M = 80 kg 
a =15mm 
b=5 mm 
c = 20 mm 
d = 100 mm 
Solution: a} ; 
Nc = Mg ie 
h 
Nc = 785 N -—_- 
Cc j N, 
=M , = 0; Fpc+Nc(c+d) =0 
(=) 
Fp =Nc 
Cc 
Fp = 4.71 kN 
XF,, = 0; Fa-Fp+Nc=0 
Fa = Fp-Nc 
Fa = 3.92 kN 


Chapter 5 


Problem 5-26 


Determine the reactions at the roller A and pin B. 
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Given: 


M = 800 lbft c=3 ft 


F = 390 lb d=5 As 
a=8ft e=12 > 
b=4 ft 0 = 30 deg af 
— 
Solution: 


Guesses Ra =1lb By =1lb By=11b 


Given 


: d 4 
Rasin( 6) + By - | ————. F = 0 
dz 
e 
Racos() By |= |F = 0 | 
V eo nat 


M- Racos(6)(a + b) + Byc = 0 


Ra 
Bx 
By | = Find(Ra, Bx, By) Raq = 105.11b - 
B *Y 
'y 


Chapter 5 


Problem 5-27 


The platform assembly has weight W, and center of gravity at G,. If it is intended to support a 
maximum load W, placed at point G,,determine the smallest counterweight W that should be 


placed at B in order to prevent the platform from tipping over. 


Given: 
W1 = 250 |b a=1ft c=1ft e=6ft 
W2 = 400 lb b = 6 ft d= 8 ft f = 2 ft 
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Solution: 


When tipping occurs, R= 0 


\ =M,p= 0; Wo f+ Wic+Wp(b+o =0 


Wo f-Wic 
Wa = ————_ 
b+c 
Wp = 78.6 lb 


Problem 5-28 


The articulated crane boom has a weight W and mass center at G. If it supports a load L, 
determine the force acting at the pin A and the compression in the hydraulic cylinder BC when 
the boom is in the position shown. 


Units Used: 

kip = 10° Ib 
Given: 

W = 125 lb 
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L = 600 lb \- a - 
a= 4 tt G 
. \ 

b=1ft ; | 

} 
C= 1 ft . “ . 

; 
d = 8 ft ——— 
( = = 
0 = 40 deg 
A 
4 
“ 
Solution: 5 


Guesses Ay =11b Ay=11lb Fg=11b 


Given ~A, + Fgcos(@) = 0 —Ay + Fgsin(@) - W-L =0 


Fpcos(0)b + Fpsin(O)c —-Wa-L(d+c) =0 


Ax 
A Fi d(A Ay,F ) F 4.19 ki : ad ki 
= Fin As = “1, = i 
Ly x» Ay, B B p . 1.967 p 
Fp 


Problem 5-29 


The device is used to hold an elevator 
door open. If the spring has stiffness k 
and it is compressed a distnace 6, 
determine the horizontal and vertical 
components of reaction at the pin A and 
the resultant force at the wheel bearing B. 


Given: 
N 
k = 40 — b = 125 mm 
m 
6 =0.2m c = 100 mm 


a = 150 mm 0 = 30 deg 
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Solution: 
Fy = ké 
\ XM ,= 0; -F,a+ Fp cos( 6)(a + b) — Fp sin(A)c =0 F.=ks 
F = F ee a ee ata 
are cos( 8) (a+b) - sin( 6) Cc 
Fp = 6.378 N 
+ 


—> SF,=0;  A,y—Fpsin(@) =0 

Ay = Fp sin(6) 

Ax = 3.189 N 
+4 F,=0; Ay — Fs + Fg cos(6) = 0 
Ay = Fs - Fp cos(@) 


Be 2 TN, 


Problem 5-30 


Determine the reactions on the bent rod which is supported by a smooth surface at B and by a 
collar at A, which is fixed to the rod and is free to slide over the fixed inclined rod. 


Given: 
F = 100 lb 
M = 200 lb ft 
a= 3 ft 
b=3 ft r 
c = 2ft 
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d =3 / 

e=4 

f = 12 . =e 
g=5 ‘ 


Solution: Is 
Initial Guesses: =N AN 


Na = 20 Ib Ng =10lb My, = 30lb ft 


Given 


=M , = 0; ee | 


e g 
DF,=0; Nq4|——1|-Ng|—— | = 0 
fe 2 2. B 2 2 
e +d f +g 


d 
LF, = 0; "(5)" (pS -F=0 
2 2 2 2 
ed f +g 
NA 
N, Find(Nq,Ng,Ma) Sl Se Ib Ma = 1061b-ft 
B | = Fin ANB» MA EB AG ; 
Np) \82.5 
Ma 


Problem 5-31 


The cantilevered jib crane is used to support the load F. If the trolley T can be placed anywhere in 
the range xX; < x < Xp, determine the maximum magnitude of reaction at the supports A and B. 


Note that the supports are collars that allow the crane to rotate freely about the vertical axis. The 
collar at B supports a force in the vertical direction, whereas the one at A does not. 


Units Used: 

kip = 1000 lb 
Given: 

F = 780 lb 
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a = 4ft 

b = 8 ft 

x, = 1.5 ft 

x2 = 7.5 ft 
Solution: 


The maximum occurs when x = x, 


& M,=0; —Fx9+Bya=0 


By = F — 
a 


By = 1.462 x 10° Ib 


+ 
— > F,=0;  Ay-By=0 Ax = By Ay = 1.462 x 10° Ib 


tHE F,=0;  By-F=0 By =F By = 7801b 


Fp = By + By” Fotes7 lag 


Problem 5-32 


The uniform rod AB has weight W. Determine the force in the cable when the rod is in the 
position shown. 


Given: 
W = 15 |b 
L=5ft 
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0; = 30 deg 
027 = 10 deg 
Solution: 
r 
. L 
xM,=0; Np Lsin( 0 + 0) —W (=) cos( 0] + 02) =0 
Wcos( ~ 0) ap, a 
Np 2 \t JA —— 
2 sin(O + 0) Pal 
fal 
ge Age LAO) Fs) 


XF, = 0; Tcos( 62) — NB 


NB 
T =. ———————_—_—— 
cos( 4) s L cust4;+ty) 
_ 2 
T = 9.08 1b 


Problem 5-33 


The power pole supports the three lines, each line exerting a vertical force on the pole due to its 
weight as shown. Determine the reactions at the fixed support D. If it is possible for wind or ice 
to snap the lines, determine which line(s) when removed create(s) a condition for the greatest 
moment reaction at D. 


Units Used: 
kip = 10° Ib 
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Given: mt i - 


W7 = 800 lb 


450 |b 


> 
lI 


Pe 
lI 


400 |b 


a = 2ft 


So 
lI 


4 ft 


c=3ft 


Solution: 


+ 
—> 5 F,=0; Dy = 0 


+45 Fy=0; Dy —(W1 + W2 + Wg) = 0 


Dy = W, + W2 + W3 Dy = 1.65kip 
\ =M p= 0; Wob-W3c+ W1a+Mp=0 
Mp = W2b+W3c- Wj a Mp = 1.4kip- ft 


Examine all cases. For these numbers we require line 1 to snap. 


Mpmax = W2 b + W3 c Mpmax = 3 kip- ft 


Chapter 5 


Problem 5-34 


The picnic table has a weight W, and a center of gravity at G; . If a man weighing W,, has a 
center of gravity at G,, and sits down in the centered position shown, determine the vertical 
reaction at each of the two legs at B.Neglect the thickness of the legs. What can you conclude 


from the results? 


Given: 


Wr = 50 lb 
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Wm = 225 lb 


a=6in 


Ss 
lI 


20 in 


Solution: 


©M,=0; 2Np(b+c)+Wya-Wrb=0 


Wr b-Wya 
Ng = ————— 
2 (b+ Cc) 
Np = -4.37 Ib 


Since Nghas a negative sign, the table will tip over. 


Problem 5-35 


If the wheelbarrow and its contents have a mass of M and center of mass at G, determine the 
magnitude of the resultant force which the man must exert on each of the two handles in order to 
hold the wheelbarrow in equilibrium. 


Given: 
M = 60 kg 
a=06m 
b=05m 
c=09m 
d=0.5m 
Ss 
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Solution: 
\ =M, = 0; Ay (b +0) +Mgc=0 
Mgc 
Ay = —— 
~~ bte 
Ay = 378.386 N 
+ 
— >F,=0; By, =0N By = 0 
— Ay - Mg+2 By =0 
+4E F,= 0; y y 
Mg-Ay 
By = =e By = 105.107 N 


Problem 5-36 


The man has weight W and stands at the center of the plank. If the planes at A and B are 
smooth, determine the tension in the cord in terms of W and @ 


_—— 
Pal i? 
A 
Solution: 
L 
=M, = 0; W = cos() — Na Lcos(¢) =0 
Wee 
A> 
=F, = 0; Tcos( 6) — Ng sin(6) = 0 (1) 
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=F, = 0; Tsin( 6) + Np cos(@) +Nq— W =0 (2) 


Solving Eqs. (1) and (2) yields: 


4 


— Cosa 


Problem 5-37 


When no force is applied to the brake pedal of the lightweight truck, the retainer spring AB 
keeps the pedal in contact with the smooth brake light switch at C. If the force on the switch is 
F, determine the unstretched length of the spring if the stiffness of the spring is k. 


Given: 
F = 3 N = ad = 
N e sossossessovssesssessent DQ) 7 
k = 80 — B k 
m : 
a = 100 mm D 
t 9 . 
b = 50 mm On. 
c = 40 mm ' ala t 
( 
d= 10mm \ d 
0 = 30 deg \ x » 
Solution: 


2Mp=0; Fs b- F cos(A)c — Fsin(6)d =0 


cos( 6) c+ sin( 6) d 


ae ge Fy = 2.378 N 
Fs 
Fy = kx x= - x = 29.73 mm 
[9 =a-x Log = 70.3 mm 
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Problem 5-38 


The telephone pole of negligible thickness is subjected to the force F directed as shown. It is 
supported by the cable BCD and can be assumed pinned at its base A. In order to provide 
clearance for a sidewalk right of way, where D is located, the strut CE is attached at C, as 
shown by the dashed lines (cable segment CD is removed). If the tension in CD' is to be twice 
the tension in BCD, determine the height h for placement of the strut CE. 


Given: B Ja 
; Ei ; 
s A) 
F = 80 lb ; | 
P| i 
6 = 30 deg / 
a = 30 ft ( {Wy 
ad : 
a ] 
b = 10 ft 
hh 
! Pf LS , ! 
Solution: 


b 
\ +2=M , = 0; —F cos( 6) a+ |— |Tgcpa = 0 
V a’ + b? 
2 2 
a+b 
Tacp = F cos(@) a TBcp = 219.089 Ib 
Require Tcp' = 2 Tacp Tcp' = 438.178 lb 
+2=M , = 0; Tcp'd - Fcos(6)a =0 
cos\| 0 
d=Fa ( ) d = 4.7434 ft 
Tcp' 
Geometry: 
—h d 
Se hea-al= h = 15.8ft 
d b b 
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Problem 5-39 


The worker uses the hand truck to move material down the ramp. If the truck and its contents 
are held in the position shown and have weight W with center of gravity at G, determine the 
resultant normal force of both wheels on the ground A and the magnitude of the force required 
at the grip B. 


Given: 


W=100lb e=1.5 ft 


a=1ft f = 0.5 ft 
b = 1.5 ft O= 
c=2 ft ) 

d = 1.75 ft 

Solution: 


\ IM y= 0; 


Na cos(O- ¢)(b+c+d) + Na sin(@- ¢)(a — f) — Wcos(6)(b + c) — Wsin(6)(e + a) = 0 


Weos(6)(b + c) + Wsin(A)(e + a) Neeioo lle 
3g EO A SS ee A = 81. 


cos(@— ¢)(b+c+d) +sin(O- d)(a- f) 


=F, = 0; ~B,y + Ng sin(¢) = 0 By = Ng sin(@) By = 40.811 Ib 


ZF, = 0; By + Na (cos(¢) - W = 0) By = W- Ng cos(4) By = 29.314 Ib 


Fp = By + By” eee 
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=F, = 0; Tsin(@) + Np cos(@) + Na - W = 0 (2) 
r 
Solving Eqs. (1) and (2) yields: " Hh Ng 
r. Aw 
ya pu NG 
T=— sin( 6) HA 
ti \* 
<Z 
Ng=— cos(@) F _ 4 
22 cin | ; 
Ny] 2 | = cvs 


Problem 5-37 


When no force is applied to the brake pedal of the lightweight truck, the retainer spring AB 
keeps the pedal in contact with the smooth brake light switch at C. If the force on the switch is 
F, determine the unstretched length of the spring if the stiffness of the spring is k. 


Given: 
F a 3 N he ad - 
. ce sosstossessenssenvssesstntr 2 a) t 
pena R k 
a f. 
+ : 
b = 50 mm Ss 
A 
c = 40 mm > ) 
d = 10 mm } Vy 
\ 
6 = 30 de 
: Sy 
Solution: 


©M,=0; Fs b—Fcos(6)c— Fsin(6)d = 0 


cos( 8) c+ sin( 6) d 


a ar Fy, = 2.378 N 
Fs 
Fy = kx x= a x = 29.73 mm 
[9 =a-x Lo = 70.3mm 
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The shelf supports the electric motor which has mass m, and mass center at G,,. The platform 


upon which it rests has mass m, and mass center at G,,. Assuming that a single bolt B holds the 


shelf up and the bracket bears against the smooth wall at A, determine this normal force at A and 
the horizontal and vertical components of reaction of the bolt B on the bracket. 


Given: 
mj = 15 kg 
mp = 4kg 
a = 60 mm 
b = 40 mm 


OB 
g = 9815 
S 


Solution: 


& DM, = 0; 


+ 
— 2 F,=0; 
+42 Fy=0; 


ad a é - 
d : 


c = 50 mm 
re 
d=200mm © | 
i = 
e=150mm / i 
' ) ? a 
i r aa G, 
A 
m2 mm, ¥ 
dt ey \ 
| et 
Bya-—mogd—mj,g(d+e) =0 B, z 
x 2g 19( ) 7 aL 
A,— 
mo d+mj (d+e) 
By = g —_- By = 989 N 
a 
Ay — By = 0 
Ay = By Ay = 989 N 
By-mzg—m,g=0 
By =m2g+mjg By = 186 N 


Problem 5-42 


A cantilever beam, having an extended length L, is subjected to a vertical force F. Assuming that 
the wall resists this load with linearly varying distributed loads over the length a of the beam 
portion inside the wall, determine the intensities w, and w, for equilibrium. 
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Units Used: 
kN = 10° N 
Given: wf nl 


F = 500 N “1 , Wy 


a =0.15m 


L=3m 


Solution: 
(—~ ul 23) 


The initial guesses 1/2 Wile) si F 


wi = 1— w2 = 1 — 


+/7kY FL =0 : : F=0 
= 5 —_— aqa--— a- — 
Al y el 32 


Wi ‘ Wi 413 \ kN 
= Find(w1 : w2) = — 
w2 w2 407 / m 


Problem 5-43 


The upper portion of the crane boom consists of the jib AB, which is supported by the pin at A, 
the guy line BC, and the backstay CD, each cable being separately attached to the mast at C. If 
the load F is supported by the hoist line, which passes over the pulley at B, determine the 
magnitude of the resultant force the pin exerts on the jib at A for equilibrium, the tension in the 
guy line BC, and the tension T in the hoist line. Neglect the weight of the jib. The pulley at B has 
a radius of r. 
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Units Used: 


kN = 10° N 


Given: 


F=5kN 


r=0.1m 


Solution: 


From pulley, tension in the hoist line is 


\ =M, = 05 


From the jib, 


\ =M, = 05 


+4 F, = 0; 
+ 
—> © F,=0; 


T(a) — F(r) = 0 
ns cee 
ment T = 5kN 
+a 
—F(c) + TBc c=0 
Cc +(b+a)" 
Jct +(b4a)" 
Tac = F —— Tac = 16.406kN 
b+a 
b+a 
—Ay + TB ; -~F=0 
c +(b+a) 
b+a : 
Ay = Tgc ; 5|-F Ay = ON 
c +(b+a) 
Cc 
Ay - Tp -F=0 
Ce ba) 
376 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Chapter 5 


Engineering Mechanics - Statics 


Chapter 5 


+F Ax = 20.6kN 


Fa = Ay + Ay” Fa = 20.6kN 


Problem 5-44 


The mobile crane has weight W, and center of gravity at G,; the boom has weight W, and center 
of gravity at G,. Determine the smallest angle of tilt Oof the boom, without causing the crane to 
overturn if the suspended load has weight W. Neglect the thickness of the tracks at A and B. 


Given: 


W, = 120000 lb 


W2 = 30000 lb 
W = 40000 lb 
a= 4ft 
b=6ft 
c=3ft 

d = 12 ft 

e = 15ft 

Solution: 


When tipping occurs, R, = 0 


a ey «| 


ty Ry 


\ =M p = 0; —~W>(dcos(8) = c) = Wi(d + e)cos( 0) = c| + W1(b+c) =0 


W2c+Wc4+W, (b+ 0) 


O= | 


6 = 26.4deg 


Wod+W(d+e) | 
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Problem 5-45 


The mobile crane has weight W, and center of gravity at G,; the boom has weight W, and center 
of gravity at G>. If the suspended load has weight W determine the normal reactions at the tracks 
A and B. For the calculation, neglect the thickness of the tracks. 


Units Used: 
kip = 10° Ib 
Given: 
W, = 120000 lb a=4ft 


Wo = 30000 Ib b=6ft 


W = 16000 lb c=3ft 


0 = 30 deg d= 12 ft WN \ AS 
4 


e= 15 ft Fe is a / e 
——o AG 


Solution: Ts Je" Be 
a bh! Ry 
\ =M pg = 03 


~W>(dcos( 6) - c) - W[(d + e)cos( 8) c| Ra(a+b+c)+W (b+ c) =0 


-W2 (d cos( 6) - c) - Wi(d+ e)cos( 6) - c| + Wz (b+Cc) 


Rq = _ Ra = 40.9 kip 
a+b+c 
+ 
+ x Fy=0; Ra+Rp-W,-Wo2-W=0 
Rp = —Ra+W,+W2+W Rp = 125kip 


Problem 5-46 


The man attempts to support the load of boards having a weight W and a center of gravity at G. 
If he is standing on a smooth floor, determine the smallest angle @ at which he can hold them up 
in the position shown. Neglect his weight. 
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Given: A 
a = 0.5 ft 
b = 3 ft 
c=4ft 
d=4ft 
Solution: 
<M,=0; —Na(a +b) + W(b—ccos()) = 0 W 


As @becomes smaller, N, goes to 0 so that, 


cos( 6) = Z 
Cc 
b 
O= scos( 2) 
Cc 
0= 41.4deg 


Problem 5-47 


The motor has a weight W. Determine the force that each of the chains exerts on the 
supporting hooks at A, B, and C. Neglect the size of the hooks and the thickness of the beam. 


379 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 5 


Given: 
W 
W = 850 lb 
a = 0.5 ft 
b=1ft 
c = 1.5 ft 
0; = 10 deg 
07 = 30 deg 
03 = 10 deg 
Solution: 
Guesses 


Fa =11b Fp =11b Fo = 1\b 
Given 


=Mpz = 0; Fcos(3)b + W a- Fccos(67)(a +c) =0 
ZF,=0;  Fcesin(0;) — Fgsin(@2) - Fasin(03) = 0 
2E =; W — Facos( 63) — Fgcos( 2) - Fccos( 4) =0 


Fa 
Fp | = Find(F4,Fg.Fc) L b ja 
Fc : 1 

Hy ¥ 
Fa) (432 qr feu 
Fg |=| -0 |b Mn 
Be 432 ' 
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Problem 5-48 
The boom supports the two vertical loads. Neglect the size of the collars at D and B and the 


thickness of the boom, and compute the horizontal and vertical components of force at the pin 
A and the force in cable CB. 


Given: 
F, = 800 N ( 
F > = 350 N 
a=1.5m 


= 
I 
B 
5 


S 
lI 


30 deg BS e } 


Solution: 


& =M, = 0; 


—Fy acos(@) — F(a + b) cos( 


Fc (a + b) sin(6) + ——-Fcg(a + b) cos(8) = 0 


pe ae 
V eee eee 
[Fi a+ Fo2(a+ b) |cos( 0) @ + a 


Fcp Fog = 782 N 
dsin(@)(a +b) + ccos(6)(a + b) 
+ d 
—> XF,=0; Ay —- ———F cp = 0 
2 2 
c +d 
d 
Ay = ——— Fcp Ay = 625 N 
2 
c +d 
+4 F,= 0; Ay — Fy -F2+ Fcp = 0 
c +d 
Cc 
Ay SE LS ea OF Zy = Ou aN 
c +d 


Problem 5-49 


The boom is intended to support two vertical loads F, and F,. If the cable CB can sustain a 
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maximum load T,,.4, 


magnitude of the maximum reaction at pin A? 


T ritetn 


Units Used: 

kN = 10° N 
Given: 

Tmax = 1500 N 

a=1.5m 

b=1m 

c=3 

A, 

d=4 

0 = 30deg 
Solution: 


Fi, =2Fo9 


\ =M, = 0; 


—2 F>acos( 6) — Fo(a + b) cos(6) + 


c +d 
(a +b) Tmax(d sin( 6) + ccos(8)) 
| Fo 
V @ + a cos(0)(3 a+b) 
Fy =2 Fo) Fy 
+ d 
—> XF,= 0; Ax - Tmax = 9 
2 
c +d 
d 
Ax —s Tmax Ax 
c +d 
14% Fy=0; | Ay-Fo-Fy,+ Tmax = 0 
c +d 
382 


= Tmax(a + b) sin(@) + 


Chapter 5 


before it fails, determine the critical loads if F, = 2F',. Also, what is the 


=Tinax(4 + b) cos( 6) = ( 


724N 


1.448 kN 


1.20kN 
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c +d 


Fa = Ay +Ay Fa =1.749KN 


Problem 5-50 


The uniform rod of length L and weight W is supported on the smooth planes. Determine its 
position @for equilibrium. Neglect the thickness of the rod. 


Solution: 


Ne W cos( 6) 
i 2 cos(¢ — 6) 


=M p = 0; -we cos( 6) + Nacos(¢ = OL =0 


W cos( 6) 


L N 
=M, = 0; Ww- A) -N, AJL = 0 ~ 2 cos(w+ 6) 
‘; 5 cos(@) — Ngcos(y+ 6) BED cos( y+ 8) 


2F,=0;  Npsin(y) — Nasin(¢) = 0 


Wcos( 6) : W cos(6) : 7 
2 cos( y+ 6) eae 2 cos(¢- 6) sin(9) a 
sin(y) cos(¢ — 6) = sin(¢) cos( y+ 6) =0 


sin( y)(cos(¢) cos( 6) + sin( ¢) sin(6)) = sin(¢)(cos(y) cos( 8) = sin(y) sin(6)) =0 
2 sin( y) sin( 4) sin( 6) = (sin(¢) cos( y) - sin(y) cos( ¢))cos( 8) 


sin( ¢) cos( = sin( ) cos(¢) cot( ) — cot(¢) 
eae 7 ee an a 


ues) 


2. 
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Problem 5-51 


The toggle switch consists of a cocking lever that is pinned to a fixed frame at A and held in 
place by the spring which has unstretched length 6. Determine the magnitude of the resultant 
force at A and the normal force on the peg at B when the lever is in the position shown. 


Given: 
oO = 200 mm 
N 
k=5— 
m 


a = 100 mm 
b = 300 mm 
c = 300 mm 


0 = 30 deg 


Solution: 


Using the law of cosines and the law of sines 


l= eo + (a+ b)? 2 c(a + b) cos(180 deg — 6) 

sin( ¢) _ sin(180 - - 6) ies ain( sin(180 2 z 2) Libera 
Cc 

Fy=ks=k(l- 6) Fs = KI- 6) F, = 2.3832 N 

; : a+b 

=M,=0; —-Fssin(¢)(a+b)+Npga=0 Np = Fssin(¢) Np = 2.11 N 

LF,=0; A,y—F,cos(¢) = 0 Ay = Fscos(¢) Ax = 2.3239 N 

SFy=0; Ay +Npg-Fesin(¢) = 0 Ay = Fssin(¢) - Np Ay = -1.5850 N 


Fa = Ay + Ay” F, = 2.813 N 
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Problem 5-52 


The rigid beam of negligible weight is supported horizontally by two springs and a pin. If the 
springs are uncompressed when the load is removed, determine the force in each spring when the 
load P is applied. Also, compute the vertical deflection of end C. Assume the spring stiffness k is 
large enough so that only small deflections occur. Hint: The beam rotates about A so the 
deflections in the springs can be related. 


Solution: P 


=M ,= 0; 


3 
FRL+Fc2L-P>L=0 


Fp+2Fco=1.5P 


Ac =2 Ap 


Fo 2Fp } 


Problem 5-53 


The rod supports a weight W and is pinned at its end A. If it is also subjected to a couple 


moment of M, determine the angle @ for equilibrium.The spring has an unstretched length 6 and 
a stiffness k. 
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Given: 
W = 200 lb 
M = 100 lbft 
o = 2 tt 
lb 
k =50 — 
ft de 
a =3ft 
b=3ft 
c=2 ft 
Solution: 
Initial Guess: 6 = 10 deg ee 
>, 
Given sh as 


K (a + b)sin( 8) +C- d5|(a + b) cos( 6) —W acos( 8) -M=0 


6 = Find(@) 6 = 23.2 deg 


Problem 5-54 


The smooth pipe rests against the wall at the points of contact A, B, and C. Determine the 
reactions at these points needed to support the vertical force F. Neglect the pipe's thickness in 
the calculation. 


Given: 


F = 45 lb 
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0 = 30 deg 

a = 16 in 

b = 20 in 

c = 8in 
Solution: 
Initial Guesses: Rag =11b Rp =11b Rc = 1\b 
Given 


1 2M, = 0; F cos(6)(a + b) - Fsin(8)c —Rcb+ Rpctan( 6) =0 


14 F,=0; Rccos( 6) ~ Rpcos( 6) -F=0 


—> YF,=0; Ra +Rpsin(6) — Rcsin(6) = 0 


Ra Ra 25.981 
Rp | = Find(Ra,Rp.Rc) Rp | =| 11.945 |Ib 
Rc Rc 63.907 


Problem 5-55 


The rigid metal strip of negligible weight is used as part of an electromagnetic switch. If the 
stiffness of the springs at A and Bis k, and the strip is originally horizontal when the springs are 
unstretched, determine the smallest force needed to close the contact gap at C. 


Units Used: 


mN = 10 °N 
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Given 
- | ~- } + 
a = 50 mm 
b = 50 mm F 2 R 
c = 10mm 1S = ——— a 
Pp 
N ' 
k=5— —— | 
m 
Solution: 


Initial Guesses: F=05N ya=1mm  yp=1mm 


Given 

C- YA YB- YA 

= kyat+k yp-F=0 k ypa -— F(a +b) =0 
a+b a 
YA 
YA —2 
yp | = Find(yq, yp. F) = [ J mm F = 10mN 
; YB 4 


Problem 5-56 


The rigid metal strip of negligible weight is used as part of an electromagnetic switch. Determine 
the maximum stiffness k of the springs at A and B so that the contact at C closes when the 
vertical force developed there is F. Originally the strip is horizontal as shown. 


Units Used: 

mN = 10° N 

le a ole } o 

Given: 

a = 50 mm 

b = 50 mm 

c = 10mm 

F=05N 
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Solution: 


Initial Guesses: k = 1 


Given 


YA 
YA wy) N 
yp | = Find(ya, yB.k) = mm k = 250— 
m 

k 


Problem 5-57 


Determine the distance d for placement of the load P for equilibrium of the smooth bar in the 
position 9 as shown. Neglect the weight of the bar. 


Solution: 
tHE Fy=0; Rcos(6) —P =0 
\ x M,=0; —Pdcos(6) +R : =0 
cos( 8) 
a 
Rd 0) =R 
cos( ) cos( 8) 
re a 
cos{ 6)" 


Problem 5-58 
The wheelbarrow and its contents have mass m and center of mass at G. Determine the greatest 
389 
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angle of tilt 9 without causing the wheelbarrow to tip over. 


Solution: 


Require point G to be over the wheel axle for tipping. Thus 


bcos(@) = asin( 6) 


iif 
0 = tan (2) 
a 


Problem 5-59 
Determine the force P needed to pull the roller of mass M over the smooth step. 


Given: 


M = 50 kg 
a=06m 
b =0.1m 
0 = 60 deg 
0; = 20 deg 
S 
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Solution: , 
\ M\ . 
a- b 7 \ 
¢ = sos ) \ Prod 
a et) te al 
/ ed ? Or 
@ = 33.56 deg ea \p 
\ \ pF 
\ fa Xe — Fy 
~M,=0, M gsin 0)(a —b)+M gcos(;)asin( 4) . =0 a  Vsindd 
+ P cos (a —b)- Psin(@)a sin( g) 
Ny=0 


i ud cos(@) (a—b) + sin( 0) a sin( ¢) 


P=441N 


Problem 5-60 


Determine the magnitude and direction Oof the minimum force P needed to pull the roller of 
mass M over the smooth step. 


Given: ) 
a=06m 
b=0.1m 
@, = 20 deg \ > 
\ ed 
M =50 kg a OE “aing 
9.81 — 
g = J.ol — 
S - ™ 
Sia 
Solution: 


a-—b 
For Pirin, Na tendsto0O ¢ = sos ) 
a 


¢ = 33.56 deg 


xMpz=0 M gsin(1)(a —b)+M gcos( 07)asin(¢) . =0 
+ [-P cos(6)(a - b) | - Psin(6)a sin(¢) 
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be M g{sin( ,)(a — b) + cos( 61) asin(¢)] 
7 cos(6)(a —b)+ asin(¢) sin(@) 


For Prin: 


oe = Eee a cos( 8) —(a- b)sin( 6) | =0 
do [cos( A)(a —b)+a sin( ¢) sin( 6) 


which gives, 0= xan sin() -| 0 = 33.6 deg 
a _ 


ee! g[sin(91)(a — b) + cos( 01) asin(¢)| P =395N 


cos(6)(a — b) + asin(¢) sin( 6) 


Problem 5-61 


A uniform glass rod having a length L is placed in the smooth hemispherical bowl having a 
radius r. Determine the angle of inclination @ for equilibrium. 


Ti 


ft - 
\ Tt a 
> \\ LAD | 
: WF ee f 
I ‘ — ft AIN@ / 
ZA 
4 . 
E Cust! " 
Solution: Gi < 7 
\ e. 3 
By Observation ¢= @. \ 7 < 
Pa) a 23 
Equilibirium : A 
1 b c 
L A ol Np 
xM,= 0; Np2 rcos( 6) = WS cos( 8) =0 ) ee ee 
nN,  \ 
Ne = WL 
7 4r 
=F, = 0; Nacos(@) = Wsin( 6) =0 Na= Wtan( 6) 
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ZF, = 0; Wtan(6) sin( 6) + a = W cos(6) =0 


sin( 6)" = cos(6)" =1- 2cos(6)* = = cos(6) 


2cos(6)* 7 = cos(6) -1=0 
r 


La 08 Tenia > toe ye 
cos(@) = ————_——. 0 = acos| ————_—_ 


16 Tr 16r 


Problem 5-62 


The disk has mass M and is supported on the smooth cylindrical surface by a spring having 
stiffness k and unstretched length /,. The spring remains in the horizontal position since its end A 


is attached to the small roller guide which has negligible weight. Determine the angle @ to the 
nearest degree for equilibrium of the roller. 


Given: 
M = 20k TT — 
é oS aa My 
N a. B ee 
k = 400 — A k Fey) 
m I \ ry, 
ok \ r \" 
lo =1m Pri \ R \ 
4 \ ‘ | 
: 
r=2m 
g = 9.81 — 
S 
a=0.2m 


Guesses F=10N R=10N 6 = 30 deg 


Solution: Given 
=n x F,=0; Rsin(@)-Mg=0 
he F,=0; Rcos(@)—F =0 
Spring F = K(r +a)cos(8) — Ig] 
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F 
F 163.633 

R | = Find(F,R, 0) = N 6 = 50.171 deg 
R 255.481 

0 


There is also another answer that we can find by choosing different starting guesses. 
Guesses F =200N R = 200N 6 = 20 deg 
Solution: Given 


“> sF,=0;  Rsin(Q)-Mg=0 


+z F,=0; Rcos(@)-—F =0 


Spring Fe= K(r + a)cos( 6) = lo| 
F 
F 383.372 
R | = Find(F,R, 0) [ = ) N 6 = 27.102 deg 
, R 430.66 


Problem 5-63 


Determine the x, y, z components of reaction at the fixed wall A.The force F, is parallel to the z 


axis and the force F, is parallel to the y axis. 


Given: 
a=2m d=2m 
b=1m F, = 200 N 
c=2.5m F> = 150 N 
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Solution: 
XxF,=0; Ay = 0 


Az = 150 N 
2M.=0; Max = -Foa+F 1d 


Max = 100N-m 


Problem 5-64 


The wing of the jet aircraft is 
subjected to thrust T from its engine 
and the resultant lift force L. If the 
mass of the wing is M and the mass 
center is at G, determine the x, y, z 
components of reaction where the 
wing is fixed to the fuselage at A. 


Units Used: 


Mg = 10° kg 
kN = 10° N 


2981 — 
g = 9.815 
S 
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Given: 
T =8kN 1 
L = 45 kN 
M = 2.1 Mg 
a=2.5m ‘ 
b=5m 
c=3m 
d=7m 
Solution: 


MP0, Ape T= 0 


Ay = T Ay = 8kN 


SFy=0; Ay =0 et 


XF = 0; A;,-Mg+L=0 

A; =L-Mg Az = 24.4kN 
xM,,= 0; My — T(a) = 0 

My =Ta My = 20.0kN-m 
xM,= 0; L(b+c+d)—-Mgb-My,=0 

My, = L(b+c+d)-Mgb My = 572kN-m 
=M, = 0; M, - T(b+c) =0 


M, = T(b+0) M, = 64.0kN-m 


Problem 5-65 


The uniform concrete slab has weight W. Determine the tension in each of the three parallel 
supporting cables when the slab is held in the horizontal plane as shown. 
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Units Used: 
kip = 10° Ib 
Given: 
W = 5500 Ib 
a=6ft 
b=3 ft 
c=3ft 
d = 6 ft 
Solution: 


Equations of Equilibrium : The 
cable tension Tp can be obtained 


directly by summing moments 


about the y axis. 


=M,= 0; 
=M, = 0; 
=F, = 0; 


d 
W- -Tpd =0 


Tca+Tp(a+ b) -w 


1 a+b+c 
TG oO) 


a 


Ta+Tpt+Tc 


ita 
| 
i | Ww 
" K gle 
& 2 4 y, a 4 
: : > 
Lm 7 Fas: 
a Sf fH dt? 

Ll TS 
Sf és d a S Me dt? 

——— — 2 

ine Tt > 
\ i? 2 
W ; 
TB = Zi Tp = 2.75 kip 
a+b+c 
ae 0 
2 
Tc = 1.375kip 
Ww=0 Ta = -Tp-Tct+W Tq = 1.375kip 


Chapter 5 
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Problem 5-66 


The air-conditioning unit is hoisted to the roof of a building using the three cables. If the tensions 
in the cables are T,, T, and T,, determine the weight of the unit and the location (x, y) of its 


center of gravity G. 


Given: 
Ta = 250 |b 
Tp = 300 lb 
Tc = 200 lb ; 
a=5 ft 7 
b=4 ft 
c=3ft 
a 
d=7 ft ‘ 
we. 
e= 6ft ~ 
Solution: 


2F,=0; Ta+Tp+Tc-W=0 Z 


W=Ta+Tpt+Ic W = 750 |b 


=M,=0; Wx-Ta(c+d) —Tcd=0 


Ta(c+ d)+Tcd <- 


x x= 5.2 ft 
Ww 


xM,=0; Taa+Tp(at+b-e)+Tc(a+b)-Wy=0 


Taa+ Tp(a+b-—e)+Tc(a+b) 
y= —— y = 5.267 ft 


Problem 5-67 


The platform truck supports the three loadings shown. Determine the normal reactions on each 
of its three wheels. 
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Given: 


F, =380lb ib 


F>=500lb ‘°™ 
d 
F3 = 800 lb 
e 
a = 8in 
f 
Solution: 
The initail guesses are Fa = 11b Fp =11b Fo = 1\b 
Given 


=M,= 0; Fy(c+d)+Fo(b+c+d)+F3d-Fa(at+b+c+d) =0 


XM) = 0; F,e-—Fpe-Fof+Fcf=0 


ZF = 0; Fp+Fo-F2+F,- Fj, -F3=0 


Fa Fa 663 
Fg | = Find(F4,FB.Fc) Fp | =| 449 |Ib 

\ 
Fo Fo 569 


Problem 5-68 


Due to an unequal distribution of fuel in the wing tanks, the centers of gravity for the airplane 
fuselage A and wings B and C are located as shown. If these components have weights W,, Wp 


and W¢, determine the normal reactions of the wheels D, E, and F on the ground. 
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Units Used: 
3 «| 
kip = 10° lb /f 
| 
Given: As 7 g = 
Wa = 45000 Ib ~ im | 
De B ey ‘ ? y 
Wp = 8000 Ib pt! 
A — ee ————_ 
Wc = 6000 Ib Ke & SRE 
2 ts ae — | 
a=8 ft e = 20 ft a ~< F HF } 
ho< 2 
b=6ft f=4ft pS ee < - 
c=8f g=3ft Wy 
Wy of 
d=6ft ~ AR 
Solution: Pe a: <p : 
Initial guesses: Se 
he “a 
Rp=1kip Rg=1kip Rp =1kip w, # be a 
R, ’ , 
Given 
=M, = 0; Wpb-Rp(at+b) —-Wec+ RR(c +d) =0 
=M,=0; Wpf+Wa(gt+ f)+Wof-RF(e+g+ f) =9 
XF, = 0; Rp+Re+Re- Wa- Wa- Wo =0 
Rp Rp 22.6 
Rg | = Find(Rp,Rg.Rp) Rg | =| 22.6 |kip 


Problem 5-69 


If the cable can be subjected to a maximum tension T, determine the maximum force F which 
may be applied to the plate. Compute the x, y, z components of reaction at the hinge A for this 


loading. 
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Given: 
a=3ft 
b=2 ft 
c=1ft 
d=3 ft 
e = 9ft ; ; 
T = 300 lb 
Solution: P 


Initial guesses: 
F = 10 lb Max = 10 lbft Ma, = 10 lbft 


Ay = 10 Ib Ay = 10 Ib A, = 10 lb 


Given 

Ax 0 Max a 0 e 0 
Ay|+| 0 |=0 O |+]-c]x] 0 +) -b-c}x)/0)=0 
Az) \T-F Maz) \0/ \-F : = 

F 

Ax 

Ay . We 

ie = Find(F , Ay, Ay, Az,Max,Maz) a) [ Joes 
Max Ax 0 
je Ay |=| 0 Jib F = 9001b 

A, 600 


Problem 5-70 


The boom AB is held in equilibrium by a ball-and-socket joint A and a pulley and cord system as 
shown. Determine the x, y, z components of reaction at A and the tension in cable DEC. 
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Given: : 
0 
F= 0 Ib 
—1500 
a=d5ft 
b=4 ft 
c=b 
d=d5ft Soe 
e=5ft 
<4 
f = 2 ft c 
Solution: 
a 
a = atan 
(- + ; r Tn 
Eova ee ’ | iP 
ah / | t » 
igel | 
\ : j 
b 
f = atan ¥ 
fL 
L = 
d+e 


Guesses Tepe =11b Tprc = 1b 


Ay =1lb Ay=1lb A, =11b 


Given 2 TDEC cos() = TBF 


0 0 0 Ax 0 
d|xF+|ld+elx -TBE cos(a) =0 Ay |+F+Tpe —cos(a) =0 
0 0 Tprsin(a) Ay sin(a) 
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Ax 
Ay Ax 0 
Az = Find (Ay : Ay »Az, TBE, TpEc) TpEc = 9191b Ay =!115~x 10° lb 
TBE Az 750 
TDEC 


Problem 5-71 


The cable CED can sustain a maximum tension T 


max before it fails. Determine the greatest 
vertical force F that can be applied to the boom. Also, what are the x, y, z components of 


reaction at the ball-and-socket joint A? 


Given: | 

Tmax = 800 lb 

a=5ft 

b= 4ft 

c=b 

d=5ft ' 

e=5ft a 

Pe oH =" 
Solution: F La 

F ; 
a = atan 
[- + ; ; 
Vay 
Pesala 2 aeee | , 
\, —“— P< = 1 > em) 
b <2 il | ry i 
= atan| ———_— TpEC = Tmax —“ 
f L ' ' 
sages F 
d+e 

Guesses Tepe =1lb F=1)b 


Ay =1lb Ay=1lb A,=1)b 


Given 2 TDEC cos(f) = TBR 
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0 0 0 Ax 0 0 

d|x| 0 |+|d+e|x| -TBE cos(a) =0 Ay |+| 0 |+TBE ~cos(a) =0 
0 —F 0 TBE sin ( a) A, —F sin(a) 

Ax 

Ay Ay 0 

A, | = Find(Ay, Ay, Az, TBE; F) F = 1306lb Ay | =| 1.306 x 10° | lb 
TBE Az 653.197 

F 


Problem 5-72 


The uniform table has a weight W and is supported by the framework shown. Determine the 
smallest vertical force P that can be applied to its surface that will cause it to tip over. Where 
should this force be applied? 


Given: 
W = 20 |b 7 
a = 3.5 ft > 
b = 2.5 ft 
c= 3 ft 
e = 1.5 ft 
f=1ft 
t 
Solution: 
f u 
0= san( 0 = 33.69 deg ek 
e DL r 
rie = 
d = esin(6) d = 0.832 ft a ae 
\, oer’ 
i X : Po ( Nal fy 
a a 8 
a <i? Y 
@ = atan - @ = 11.31 deg Sy aT 
2 OE 
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a Z b 
d' = -- +] — d' = 1.275 ft 
2 2 


Tipping will occur about the g - g axis. 
Require P to be applied at the corner of the 
table for P nin: 


W d =P d'sin(90 deg — 9 + 0) 


d 


P = W——____- 
d'sin(90 deg — 4 + 6) 


P=14.11b 


Chapter 5 


Problem 5-73 


The windlass is subjected to load W. Determine the horizontal force P needed to hold the handle 
in the position shown, and the components of reaction at the ball-and-socket joint A and the 
smooth journal bearing B. The bearing at B is in proper alignment and exerts only force 
reactions perpendicular to the shaft on the windlass. 


Given: 
W = 150 lb 
a=2 ft 
b=2ft fe 
c=1ft ZL 7 
a 
d=1ft | 
e=1ft 
f = 0.5 ft 
Solution: 
=M,=0; W f-Pd=0 
PD 0; Ay = 0 |b Ay 
=M, = 0; Wa+B,(a+b) =0 
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W 
Bee Ber sip 
a+b 


=F,=0; A,+B,-W=0 
A, = W-B, A, = 751b 


2M,=0; B,(a+b)-(a+b+c+e)P=0 


7 P(a+b+c+e) 


Bex By = 112Ib 

a+b 

ZF,=0; Ay—-By+P=0 
Ax _ By —P Ay = 37.5 1b 


Chapter 5 


Problem 5-74 


A ball of mass M rests between the grooves A and B of the incline and against a vertical wall at 
C. If all three surfaces of contact are smooth, determine the reactions of the surfaces on the 
ball. Hint: Use the x, y, z axes, with origin at the center of the ball, and the z axis inclined as 


shown. 

Given: “ 
M =2kg 
0; = 10 deg 
07 = 45 deg 

Solution: 


XF’, = 0; Fe cos( 61) —-M gsin( 07) =0 
Fo =M g-tan( 6) 


Fo = 0.32 kg-m 
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2B = 0; Nacos( 82) - Npcos( 02) =0 r 
Na = NB 


xF,=0; 2 Nasin( 42) —-M gcos(0;) - Fcsin( 1) =0 


1 M g-cos( 1) + F¢-sin(01) 


Na = 

2 sin( 02) 
Nag = 1.3 kg-m N; 
N= Na = NB 


Problem 5-75 


Member AB is supported by cable BC and at A by a square rod which fits loosely through the 
square hole at the end joint of the member as shown. Determine the components of reaction at 
A and the tension in the cable needed to hold the cylinder of weight W in equilibrium. 


Units Used: 
kip = 10° Ib 
Given: 
W = 800 lb 
a=2ft Zz 
b = 6 ft 
c=3ft 
Solution: 
Cc ¥ 
XxF,=0 Fad es) = Fpc = 0 1b 
2 2 2 
Vc +b +a 
=F, = 0 Ay =0 Ay = Olb Ay = Olb 
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2F,=0 A,-W=0 A,=W A; = 8001b 


A. 
DM,=0 May-Wb=0 Q iM) Fy 
(My), ~~ a 
Max = Wb May = 4.80kip-ft , —~)fy.) SX a 
NY A es 
Sa 
ZM,=0 May = Olbft May = Olb-ft Tt 
| 
=M, = W 
Me = Se eh hee Toi 


Problem 5-76 


The pipe assembly supports the vertical loads shown. Determine the components of reaction at 
the ball-and-socket joint A and the tension in the supporting cables BC and BD. 


Units Used: z 
kN = 10° N 
Given: Wa “7p 


By 


I 
Ww 
x 
Zz 
Q 
I 

N 
= 


Solution: Pa 4 


The initial guesses are: 
Trp 


TBp = 1kN Tpco =1kN 


Ay=1kN  Ay=1kN A, =1KkN 


The vectors 
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0 0 
ry =|a+b+f mr =|a+b+c 
d d 
i =j 0 
rBC = —a YBD = —a rAB =| a 
h-g h-g g 
1 0 0 
TBC TBD . 
acca | NBD Tr | i=|0 jJ=|1 k=]|0 
BC BD 0 0 1 
Given Axi+ Ayj + Azk— Fy k— F2k+ Tgpupp + Tgcupc = 9 
TAB Xx (Tgpupp + TBCUBC) + ¥y X ( F1k) + YQ X ( Fk) =0 
TBD 
TBC 
TBD 17 
Ax | = Find(Tgp, Tac, Ax» Ay.Az) = kN 
TBC 17 
ay 
Az Ax 0 
Ay | =| 11.333 |kN 
Ay —15.667 


Chapter 5 


Problem 5-77 


The hatch door has a weight W and center of gravity at G. If the force F applied to the handle 
at C has coordinate direction angles of a, f and y, determine the magnitude of F needed to 
hold the door slightly open as shown. The hinges are in proper alignment and exert only force 
reactions on the door. Determine the components of these reactions if A exerts only x and z 
components of force and B exerts x, y, z force components. 


Given: 
W = 80 lb 
a = 60 deg 
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B = 45 deg 

y = 60 deg 

a = 3 ft 

b = 2 ft 

c= 4 ft 

d =3 ft 
Solution: 


Initial Guesses: 
Ay = 1 |b A; = 11b F =1)b 


Given 
Ax By cos(a) 0 
0 |+ By +F cos(£) +} 0 |=0 
Az Bz cos( y =W. 
a+b cos(a) da 0 0 Bx 
0 x F| cos(f) +}c]x} 0 |+]|c+d|x|By|/=0 
0 cos(y) 0 -W 0 B, 
Ay 
Az 
less d(Ay, Az, By. By, Bz, F) eae eats 
= in > > > > ° a 
By x» 4z,Dx, Dy, Dz A, 13.7 
B; 
F By 48.5 
By | =| -67.9 |Ib 
B, 45.7 
F = 96lb 
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Problem 5-78 


The hatch door has a weight W and center of gravity at G. If the force F applied to the handle at 
C has coordinate direction angles @, £, y determine the magnitude of F needed to hold the door 
slightly open as shown. If the hinge at A becomes loose from its attachment and is ineffective, 

what are the x, y, z components of reaction at hinge B? 


Given: 
W = 80 lb 
a = 60 deg 
B = 45 deg 
y = 60 deg 
a=3ft 
b =2 ft 
c= 4ft 
d=3ft 
Solution: 
=M, = 0; 
LF, = 0; 
2Fy=0; 
XF,= 0; 
=M, = 0; 
=M, = 0; 


a 


By + Fcos(a@ =0 


B,- W + Fcos(y) = 0 


B, =W-F cos(y) 


cos(y) (a+b) 


F = 96lb 

By = —481b 
By = -67.91b 
B, = 32\b 


Mpy + Wd - Fcos(y)(c +d)=0 


Mpy = -Wd+F cos(y) (c+d) 


K 2 
we ff~ yy a 
INSA RS | 
i | ea 
Mpy = 961b-ft 


Mp; + Fcos(a)(c +d) + F cos()(a +b) =0 


Mp; = —-F cos(a) (c+d)-F cos() (a+b) 


Mp; = -675 lb-ft 


Chapter 5 
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Problem 5-79 


The bent rod is supported at A, B, and C by smooth journal bearings. Compute the x, y, z 
components of reaction at the bearings if the rod is subjected to forces F, and F,. F, lies in the 


y-z plane. The bearings are in proper alignment and exert only force reactions on the rod. 


Given: 
Fz = 300 lb d=3 ft 
F 2 = 250 lb e=5ft 
a=1ft a = 30 deg 
b=4 ft B = 45 deg 
c=2 ft 0 = 45 deg 
Solution: 
The initial guesses: 


Ax = 100 lb Ay = 200 lb 


By = 3001b ~—B, = 400 Ib 


Gy = 500 lb Cz = 600 lb a 
f , 
Given 
qr \, 
Ax + By + Fo cos (p) sin(a) =0 A, ZA ae {" 
Ay + Cy— Fy cos(6) + Fo cos (2) cos(a) =0 P Ay = Q , 


i 


I 


B, + C, - F;sin(@) — Fosin(Z) = 0 
F;cos(6)(a + b) + Fy sin(@)(c + d) — B,d — Ayb = 0 


Ayb + Cre = 0 
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Ax 

Ay 

- Find(Ay, Ay, By, Bz, Cy, Cz) ‘ eel 

= in 2 2 2 oF 2 = 

ie Be Gi pie as 141.081 
x -721.271 

G = Ib 
B, 895.215 


Cy 200.12 
- lb 
C, —506.306 


Problem 5-80 


The bent rod is supported at A, B, and C by smooth journal bearings. Determine the magnitude 
of F, which will cause the reaction Cy at the bearing C to be equal to zero. The bearings are in 


proper alignment and exert only force reactions on the rod. 


Given: 


F, =300lb d=3ft 


Cy = 0 1b e=5ft 

a=1ft a = 30 deg 

b=4 ft B = 45 deg 

c=2ft 0 = 45 deg 
Solution: 


The initial guesses: 


Ax = 100 lb Ay = 200 Ib 


By = 3001b ~— BB, = 400 Ib 


Fo =500lb C, = 600 1b 


Given 


Ay + By + F2 cos() sin( a) =0 
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Ay + Cy — Fy cos( 8) + F>cos(f) cos(a) =0 
B, + C, - F,sin(0) — Fsin(Z) = 0 
Fy cos(A)(a +b) + Fy sin(6)(c + d) - B,d— Ayb=0 


Ayb +C,e = 0 


= Find(Ax, Ay, By, Bz, Cz, F2) F> = 673.704 Ib 


Problem 5-81 


Determine the tension in cables BD and CD and the x, y, z components of reaction at the 
ball-and-socket joint at A. 


Given: 
F = 300N 
aqa=3m 
b=1m 
c=05m 
d=1.5m Bf ~ 
Solution: 
_—b . 
x 
rBD =| d 
a 
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rcp =| -d 


Initial Guesses: Tpap = 1N Tcp = 1N A, =1N Ay=1N A,=1N 


Given 
Ay 0 
rBD 'CD 
Ay |+Tap7—7j +Tcp7—7 +| 9 |= 9 
|rep| en) 
A, as 
F d d-c 0 
‘ 'CD 
-d BD7— |+| 4 |x| Tcp7—> | + i = 
rap] Ircp| 
0 0 = 
TBD 
TcD 
| TBD 116.7 
Age |-s Find(Tgp, Tcp, Ax» Ay. Az) Tcp i 116.7 2 
Ay 
re Ax 66.7 
Ay = 0) N 
a 100 


Problem 5-82 


Determine the tensions in the cables and the components of reaction acting on the smooth collar at 
A necessary to hold the sign of weight W in equilibrium. The center of gravity for the sign is at G. 


Given: 
W = 50 lb f = 2.5 ft 


a=4ft g=i1ft 


b = 3 ft h=1ft 
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c=2ft i=2ft 
d=2 ft j=2ft 


e = 2.5 ft k = 3 ft 


x a 9 
Solution: 
The initial guesses are: # 
TBc = 10 lb Ax = 10 lb Max = 10 lb-ft 


Tpg=10lb Ay=10lb May = 10 Ib-ft 


Given 
TDE TBC 
Ce ee ee nr rer 
Lastest 27 V(d=b)- ee ee 
A, 

: TDE ; TBC 
0 

VGSRoeweeT Paar ee 

TDE TBC 


+C 


)———_———. SS ____ 
VG-O- preg “{=b) Sree 


= 
i 
j=) 


i i 
+ cT3¢C ——————- - Wi = 0 


Max + TDEJ 2. 2 2 2.0 2, 2 
V(a-kh°+i+j ¥(d—-—b)° +i +c 


d 
+ T3¢C ———————. + W(k- f) = 0 


j 
a Fe en, / a ae 
(a-k) +i +j (d—b) +i +c 
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I I 


-TpE.A —_—_—_—_—_____———. + T3, b —————. = 0 
f(a-W° +747 V(d-b) +40 


Max 

May 

Tac | TBC 42.857 
pull Find(Max .May.TBc; TDE; Ax. Ay) | i a) 
Ax 


eal a | Aaa 


May ~17.857 


Problem 5-83 


The member is supported by a pin at A and a cable BC. If the load at D is W, determine the x, y, 
z components of reaction at these supports. 


Units Used: 
kip = 10° Ib 
Given: 
W = 300 lb 
a=1ft b 
b = 2 ft Pe 
“ 
c = 6ft 
d=2ft 
= 
e=2 ft ‘ 
f= 2: ft dD 
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Solution: 


Initial Guesses: 


Tpc = 1b Ay = 11b 


Ay = 1b A, = 1b Sst 
oN 
May = 1lbft Maz = 1Ibft SS 
a 
Given 
Ax e+f-a 0 W 
TBC 
Ay | +——————____|_ ~c +| 0 |=0 
[2 2 2 
A, +c +(e+ f-a) b _W 
0 -e 0 —a e+f-a 
TBC 
May }+} c |x] 0 [+ eS ————et —c =0 
[2D oD 2 

Maz 0 —W b b° +c +(e+ f-a) b 
TBC 

Ay 

Ay 

ral Find(Tgc, Ay, Ay,Az,May,Maz) Tgc = 1.05 kip 

Z 
May Ax —450 
Maz Ay | =| 900 |Ib 

A, 0 


Chapter 5 


Problem 5-84 


Determine the x, y, z components of reaction at the pin A and the tension in the cable BC 
necessary for equilibrium of the rod. 
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Given: 
F = 350 lb e = 12 ft 
a= 4 ft f=4 ft ar 
b=5ft g = 10 ft £ h 
c=4ft h=4ft : 
d = 2 ft i= 10ft = 

Solution: < 


Initial Guesses: 


Fpc = 1 1b Bi é 


Ay = 11b “Te 
L iy 
May = 1 lb-ft 
Ay = 11b 
A, = 11b 
Myz = 1 lb-ft 
Given 
0 d ' 
F 
May NN —————— ed 
2 2 2 
Ma] \o) |N@-@ +(e-O°+ FL —F 
—a a-—h 
FBC 
+| 0 |x/—.,..—=__} -e 
») \¥(a-h7?+e7407| 4 
Ax g-d a-—h 
F FBC 
A e-c lt—_—:======s—! —e =0 


7 —————————— 
a} Vo-d'+(e-07+ P| -¢ ) Yam 242+ 5 
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FBC 

Ax 

A 

y 

, = Find(Fgc. Ax, Ay.Az,May,Maz) Fgc = 101 1b 

Z 

May Ax ~233.3 

Ma, Ay |= | -140 |Ib 
Ay, 77.8 


May ~388.9 
= lb-ft 
Maz 93.3 


Problem 5-85 


Rod AB is supported by a ball-and-socket joint at A and a cable at B. Determine the x, y, z 
components of reaction at these supports if the rod is subjected to a vertical force F as shown. 


Given: 
F = 50 lb a 
a=2ft c=2ft 
b=4f d=2ft 

Solution: 


Tp =10lb Ay =101b 


Ay =101b Az = 10 Ib 


By = 10 lb 
Ke d 
Given ise V 
<F,= 0; —-Tpt+ Ay = 0 


DF,=0; Ay+By=0 
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=F,=0; -F+A,=0 


xM,,= 0; F(c) — By(b) = 0 
XM ay= 0; F(a) — Tp(b) = 0 
=M,,= 0; By(a) — Tp(c) = 0 
Solving, 

TB 

Ax 


Ay = Find(Tg, Ay, Ay, Az. By) 


Az 


By 


ke 
TB 25 
Ax 25 
Ay | =| -25 |Ib 
A, 50 
By 25 


Chapter 5 


Problem 5-86 


The member is supported by a square rod which fits loosely through a smooth square hole of 
the attached collar at A and by a roller at B. Determine the x, y, z components of reaction at 


these supports when the member is subjected to the loading shown. 


Given: 
M = 50 lb-ft 
20 
F =| —40 | lb 
—30 
a=2ft 
b=1ft 
c=2 ft 
Solution: 


Initial Guesses 


Ay = 11b 
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Max = 11bft May = 1 Ibft 


Ma, = 1lbft B,=11b 


0 B; 
Max 0 0 0 0 
May |+|a|x|]| 90 |+]}/a+b]xF+]| 0 =0 
Maz 0 B, -c —M 
Ax 
A 
iy 
wa) os d(Ay, Ay, Max.May. Maz. Bz) U wa 
= In Xo ‘'Y> AX> Ay> Az» Pz > 
Ma A 40 
ly y 
Maz B, = 301b 
B; 
Max 110 
May |=| 40 {lb-ft 
Maz 110 


Problem 5-87 


The platform has mass M and center of mass located at G. If it is lifted using the three cables, 
determine the force in each of these cables. 


Units Used: 


3 3 m 
Mg = 10 kg kN = 10 N ao eal 
S 
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Given: 

M =3Mg 

a=4m 

b=3m 

c=3m 

d=4m <a 

ae | 

e=2m 5 

Solution: 


The initial guesses are: 
Fac = 10N Fac = 10N Fpr = 10N 


Given 


Fpc(b+c)-Mgb+Fprb=0 


a 
2 2 
a+c 


FAC FAC 
Fgc | = Find(Fac.F pc. Fk) FBc | = kN 
FDE FDE 
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Problem 5-88 
The platform has a mass of M and center of mass located at G. If it is lifted using the three 
cables, determine the force in each of the cables. Solve for each force by using a single 


moment equation of equilibrium. 


Units Used: 
Mg = 1000 kg 


kN = 10° N 


a=4m d=4m 
b=3m e=2m po——~b 
Solution: 
0 0 
rBC = | -C rac =| b mis 
a a 
-e-—d —d-e 4/ 
rAD = b BD = = 
0 0 
First find F pp. 
Mgd 2 
My = 0; Fpr(d+e)-Mgd=0 Fpr = oe Fpr = 4.1 s kN 
Next find Fac. Guess Feo = 1 kN 
e 0 e+d 
F "BC : 
Given 0 |x 0 +] c¢ x [Fac a rap = 0 FRc = Find(Fgc) 
TBC 
0 —Mg 0 
Fpc = kN 
Now find Fyc. Guess Fac = 1 kN 
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e 0 etd 
TAC 
Given 0 |x 0 +| -b |x Frac ae | rBD = 0 Fac = Find(F 4c) 
0 —M g 0 


Fac = kN 


Problem 5-89 


The cables exert the forces shown on the pole. Assuming the pole is supported by a 
ball-and-socket joint at its base, determine the components of reaction at A. The forces F, and F, 
lie in a horizontal plane. 


Given: = 
Fy = 
Fo = 
0 = 30 deg F, 
a=5ft 
b = 10 ft $ 
c= 15 ft 
Solution: 


The initial guesses are 


Tac = 1001b Tgp = 100 lb Ay = 100 Ib Ay = 100lb A; = 100 Ib 


Given 


(Fy onl) Fake Toe =0 


fal c 
——————— | - Tapqa| ————. 
2 2 2 2 2 
ya +b +c a +c 


Fy sin( A)c —b rel 


c 
———____. ] = 9 
eed 


425 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 5 


T 
Ay + Fz sin(0) — b eee es 


Var ebro 


T 
a BC 
ay Frc) af ie —___— | = 0 
D ae 
a+c a+b +c 
TBD TBC 
Az-C — c —"— | = 0 
oa ree. 
a+c a+b +c 
TBC 
TBD 
A Find(Tgc, Tgp. Ax. Ay. Az) pe ele) Ib 
= Find(Tgc, Tgp, Ax, Ay, = 
i aera yl (Cae 
Ay 
Az Ax —0.0 
ae 588.7 


Problem 5-90 


The silo has a weight W, a center of gravity at G and a radius r. Determine the vertical 
component of force that each of the three struts at A, B, and C exerts on the silo if it is 
subjected to a resultant wind loading of F which acts in the direction shown. 


Given: 
W = 3500 Ib 
\ 
F = 250 lb 
0; = 30 deg 
09 = 120 deg és 
Top view 
03 = 30 deg 
r=5ft 
b = 12 ft 
c= 15ft 
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Solution: 


Initial Guesses: A, =1lb B,=21b C, = 31 |b 


Given 

=M, = 0; B,rcos( 07) - Czrcos( 61) - Fsin(03)c =U [1] 
=M, = 0; —B,rsin( 01) = C,rsin( 1) + Agr- F cos(63)c =0 [2] 
XF,=0; A,+B,+C,=W [3] 


Solving Eqs.[1], [2] and [3] yields: 


Ay Az 1600 
B, | = Find(A;, By, C,) B, | =| 1167 |Ib 
CG (ee 734 


Problem 5-91 


The shaft assembly is supported by two 
smooth journal bearings A and B anda 
short link DC. If a couple moment is 
applied to the shaft as shown, determine 
the components of force reaction at the 
bearings and the force in the link. The 
link lies in a plane parallel to the y-z plan 
and the bearings are properly aligned on 
the shaft. 


Units Used: 


kN = 10° N 
Given: Se 


M = 250 N-m 


a = 400 mm 


oa 
lI 


300 mm 


c = 250 mm 


Q 
lI 


120 mm 


0 = 30 deg 
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@ = 20 deg 
Solution: 
Initial Guesses: 
Ay = 1 kN A; = 1kN By = 1kN 


B,=1kN Fcp=1kN 


Given 
0 0 0 
Ay | +| By | + -Fcpcos(¢) =0 
A,) \Bz) \ Fepsin(9) 
d-a 0 sah 0 _M 
csin(@) |x| -Fepcos(¢) }+} 0 |x| Byl+{ 0 |=0 
ccos( 6) Fcpsin(¢) 0 B, 0 
Ay 
A; 
B Find(Ay, Az, By, Bz, F cp) 2 can 
Pe > cow eer et cel tea tet Ae) e008 
B; 
Fcp By 382 
B, -( | 


Fcp = 1.015kN 


Problem 5-92 


If neither the pin at A nor the roller at B can support a load no greater than F,,,,,,, determine the 
maximum intensity of the distributed load w, so that failure of a support does not occur. 
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Units Used: 


kN = 10°N 


Given: 


Fmax = 6 kN | 


Solution: 


The greatest reaction is at A. Require A, B 


1 2 
=M, = 0; Fnosa +b) +w a(S +b] +5wb2b=0 


Fmax(a + b) kN 


2 m 
{3 +o) +5 
2 3 


Problem 5-93 


If the maximum intensity of the distributed load acting on the beam is w, determine the reactions 
at the pin A and roller B. 


Units Used: 


kN = 10° N , | cs |] | if Lp 


Given: 


F =6kN 
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kN 
w= 4— 
m wh 
wu 2 
Solution: tt uw. Ab 2h 
ey 2 ee YP 7 
— 
oF, = 0; Ay = 0 t t 
\, B, 
=M,=0 Syeda Bae 6 
=0; -wa—--—wbla+— a = 
. a 9 3) 
1 3a°+3ab+4b° 
By = = w——___—_ By = 7kN 
6 a+b 
a by 1 
ZF y= 0; Eee NES 5 Ww Bie 
1 


Problem 5-94 


Determine the normal reaction at the roller A and horizontal and vertical components at pin B for 
equilibrium of the member. 


Units Used: 
3 

kN = 10 N f és A b “ 
Given: 

F; = 10 kN 

Fo =6kN 

a =0.6m 

b=0.6m 

c=08m 

d=0.4m 

# = 60 deg > 
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Solution: FE 
Initial Guesses: 
il i 
Na = 1kN + 
| soe 

By = 1kN (e a, 

By = 1kN \\ 
Given Vy 


By — Fosin(6) = 0 


By + Na - Fy - F2c0s(6) = 0 


Fod + Fj[b + (c + d)cos(6)] — Nala + b + (c+ d)cos(6)] = 0 A 
Na NA 8 

By | = Find(N,, By, By) By | =| 5.196 |kN 

By By B 


Problem 5-95 


The symmetrical shelf is subjected to uniform pressure P. Support is provided by a bolt (or pin) 
located at each end A and A’ and by the symmetrical brace arms, which bear against the smooth 
wall on both sides at B and B'. Determine the force resisted by each bolt at the wall and the 
normal force at B for equilibrium. 


Units Used: 
kPa = 10° Pa 


Given: 
P =4kPa 
a=0.15m 
b =0.2 m 


c=15m 


Solution: ; 


=M, = 0; 
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Pib) (el?) 
2 
bc 
4a 
LF, = 0; 
Ay = NB Ay = 400 N 
2F, = 0; 
c 
Ay ss Ay = 600 N 


Fa= Ay +Ay Fa=721N 


= 


Problem 5-96 


A uniform beam having a weight W 
supports a vertical load F. If the ground 
pressure varies linearly as shown, 
determine the load intensities w, and w, 


measured in lb/ft, necessary for 
equilibrium. 


Given: 


W = 200 lb 


F = 800 lb 


ae oe) eet 


b = 6 ft a, 'F 
—————— = es 4 
i Sn. HOV Wy) 
Solution: ve 


Initial Guesses: (a+ hw, ins =m) (ae b) 
Ib Ib ~ 

= =1 

ft ft 


Wi = 
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Given 


1 
w1(a +b) 4 5 (we w1)(a+b) -F-W=0 


b 1 2 b 
wy(a + b) + (wo - wi)(a4 b) (a+b) - WS - Fa=0 


wi] wi 62.7 \ |b 
7 Find(w1 ; w2) = — 
w2 w2 91.1 / ft 


Problem 5-97 


The uniform ladder rests along the wall of a building at A and on the roof at B. If the ladder has 
a weight W and the surfaces at A and B are assumed smooth, determine the angle @ for 


equilibrium. 
Given: 
a = 18 ft 
W = 25 |b 
0; = 40 deg 
Solution: 


Initial guesses: 


Raq = 10 lb 
Rp = 10 lb 
0 = 10 deg 
Given 
W 

a Fo ae 
2M,=0; —-Raa sin( 6) +W— cos(6) =0 ~~ 

2 sae 


ZF, = 0; Ra - Rgsin( 61) =0 = 
SFy=0;  Rgcos(;)- W=0 


Solving, 
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Rp 

R Find(Rg, Ra, 9) a lik 0 = 30.8d 
_ in 5 7 = = . e 

‘ et Rp) \326 : 

0 


Problem 5-98 


Determine the x, y, z components of reaction at the ball supports B and C and the ball-and-socket 
A (not shown) for the uniformly loaded plate. 


Given: rd 
lb 
PS? oe 
ft 
a =4ft 
b=1 ft 
c=2 ft 
d=2ft 
Solution: 
The initial guesses are Ay = 1 Ib Ay = 1\1b Az = 11b B, = 1 |b Cc, =11b 
Given = 


UF,=0; A,=0 
SFy=0;  Ay= 


=F,=0; A,;+B,+C,-Pac=0 


c 
=M,=0; cB; - Pad{ 5) +C,b=0 


=M,=0; -B, (a—d) 4 Pa 2)—ca=0 
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Ax 
Ay Ox 
A, | = Find(Ay,Ay,Az,Bz,Cz) | Ay 
B, Az 
C; 


Chapter 5 


Problem 5-99 


A vertical force F acts on the crankshaft. Determine the horizontal equilibrium force P that must 
be applied to the handle and the x, y, z components of force at the smooth journal bearing A and 
the thrust bearing B. The bearings are properly aligned and exert the force reactions on the 


shaft. 
Given: 
F = 80 |b 
a = 10in 
b = 14 in 
c = 14in 
d =8in 
e=6in 
f =4in 
Solution: 
XM,=0; Pd-Fa=0 
P=F (<) P = 1001b 
d 
=xM,=0; B,(b+c)-Fc=0 
B, = F[ ) B, = 401b 
b+c 
=M, = 0; By(b +c) — P(e+ f) =0 


Pg 
4 AR Se 
a Yas B 
——— 
) lel ly 
Kao 
oOo “f 
P 
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By =P [= ; By = -35.71b 


bt+c 


=F,=0; Ay+By-P=0 


Ax = —By+P 


=F, = 0; 


<F,=0; A,+B,-F=0 


Az = —-B,+F 


eT Ay 
Az = 40Ib 


Chapter 5 


Problem 5-100 


The horizontal beam is supported by springs at its ends. If the stiffness of the spring at A is k,, 


determine the required stiffness of the spring at B so that if the beam is loaded with the force F, it 
remains in the horizontal position both before and after loading. 


Units Used: 


kN = 10° N 


Given: 


ka = 5 — 
m 


F = 800 N 


Solution: 


Equilibrium: 


| 2M, = 0; 
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Fp(at+b)-Fa=0 


FR =F 2 
Be a+b 


Fp = 266.667 N 


F b-Fa(a+b) =0 
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Fa =F 2 
A a+b 


Fa = 533.333 N 
Spring force formula: 
cea! k se k kg = 2.5 2 
xX =X: =. =. — — 2) ae 
A B kA kp B Pa A B in 
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Problem 6-1 


Determine the force in each member of the truss and state if the members are in tension or 


compression. 
Units Used: 

kN = 10° N 
Given: 

P; =7kN 

P> =7kN 
Solution: 

0 = 45 deg 


Initial Guesses: 
Foc = 1 kN Fcop = 1 kN 
Given 


Joint A: Fapt Fapcos(6) =0 
-P, - Fapsin(@) = 0 


Joint D: Fppcos( 8) - F ap cos(@) + Fpccos( 6) =0 


(Fap + Fpp - Frpc)sin(@) - Pa = 0 


Joint C: FoR + Foc sin( 6) = 0 


Fap FAB 7 
zi = Positive 
AD AD -9.9 means 
Tension, 
Fpp | = Fi Fpp | = 
DB Find(Fag.Fap-Fpp-Fpc>- cs) DB 4.95 kN Negative 
Pes Foc —14.85 ASCE 
Compression 
E FP 10.5 
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Problem 6-2 


Determine the force in each member of the truss and state if the members are in tension or 


compression. 
Units Used: 
kN = 10° N 
Given: 
P; =8kN ; 
P> = 10 kN . 
Solution: 
0 = 45 deg 


Initial Guesses: 
Fap = 1kN Fap = 1 kN Fpp = 1 kN 
Foc = 1 kN Fcop = 1 kN 


Given 


Joint A: Fapt Fapcos(6) =0 
-P, - Fapsin(@) = 0 


Joint D: Fppcos( 8) - F ap cos(@) + Fpccos( 6) =0 


7 cy 
. b L 
(Fap + Fpp - Fpc)sin(9) - Po = 0 F 
cr) Ck 
JointC: — Fog +Fpcsin() = 0 
Pap Fap : 
. e Positive 
AD AD -11.31 means 
7 Tension, 
Fpp | = Find(Fag.Fap-Fpp-Fpc-Fcs) | pp |=| 7-07 |kN Neste 
F F —18.38 means 
DO BIG Compression 
F F 13 
CB CB 
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Problem 6-3 


The truss, used to support a balcony, is subjected to the loading shown. Approximate each joint 
as a pin and determine the force in each member. State whether the members are in tension or 


compression. 
Units Used: 

kip = 10° Ib 

A 

Given: —-| 

P, = 600 lb 

P» = 400 lb l 

a= 4ft 

0 = 45 deg 

! 

Solution: 


Initial Guesses 


Fap=1lb Fap=1lb Fpc=1b 


Fac =11b Fen =1lb Fog =1)b 


YM 
Given F3 
JointA: — Fag + Fapcos() = 0  &) Ni 
Ay Fe 
-P, - Fapsin(9) =0 = 
Joint B: Fac — Fap= 9 ‘ 
p 
~P2- Fpp = 0 in 
F _ Fy 
Joint D: (Foc = Fap)cos(9) + For = 9 eS 
(Foc + Fap)sin(9) +Fpp =0 Pag 
FAB 
Fap . 
FBC Cap om 
FP = Find(F4g-Fap-Fpc-Fpp-Fpc-F pe) Ay \ = 
BD (B)| Fry 
Foc _ 
PDE 
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Chapter 6 


FAB 
600 

F 

ae -849 

FBG Pe 600 Ib Positive means Tension, 

Frp ~ | _400 Negative means Compression 
1414 

“DG 
—1600 

PDE 

Problem 6-4 


The truss, used to support a balcony, is subjected to the loading shown. Approximate each joint 


as a pin and determine the force in each member. State whether the members are in tension or 


compression. 
Units Used: 
kip = 10° Ib 
Given: j : 
P, = 800 Ib | 
P> =01b l 
a= 4ft 
0 = 45 deg | 
, 
Solution: 


Initial Guesses 


Fap=i1lb Fap=1lb Fpc 
Given 
Joint A: Fapt Fapcos(6) =0 


PG — Fapsin(0) =0 
Joint B: Feo - Fap= 9 


~P2- Fap = 9 
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Joint D: (Foc = Fap)cos(6) +Fpr = 0 


(Foc + Fap)sin(4) + Fap =0 p 
(B) | P 
FAB aaa | ay 
FAD 
/ AD 
FBC 
' = Find(F4g.Fap-Fpc-Fpp»Fpc-F pe) 
BD \ 
FDC Pin “I x 
For 4 
@| fo 
F ap | 
800 
F 
A) =n 
FRC a 800 lb Positive means Tension, 
FE a 0 Negative means Compression 
BD 
1131 
HD 
—1600 
PDE 
Problem 6-5 


Determine the force in each member of the truss and state if the members are in tension or 
compression. 


Units Used: 


Solution: d= aan =) 
a 
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Initial Guesses: 


Fag = 1kN Fag =1KN For = 1 KN 


Joint G 


Joint C 


Joint D 


Joint F 


Joint E 


1kKN Fag = 1KN Fpg = 1KN 


1kKN Fro = 1KN Frp = 1 kN 


1kKN Fpp = 1KN 


Fac — Fapgcos( 6) = 0 
-Fpg — Fapsin(6) = 0 
Frag + Fcgeos(8) — Fag = 0 


Fcgsin(9) +FpRG =P4 =0 


Fac + Fcp+ (For ~ Fog)¢os(9) = 0 
-(Fog + Fcp)sin(9) = 0 
-Fcp + Fprcos(4) = 0 
-Fpr — Fprsin(6) = 0 


Frr-FRG = Fcrcos(8) = 0 


Py) 


For + Fcrsin(6) — Ps = 0 Vi 


-F pg cos( 4) -Frr=0 
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Pap 
FBC 
FCG 
Fcp 
PAG 
FBG = Find(Fag.Fec-FcoG-F cp» Fac FBG: FG: pF>Fcr:FpE> FEF) 
Fre 
PDF 


FCF 


E is 
AB ~21.88 AG 13.13 


FBC 1353 FBG 17S 
2 kN = kN Fpr | =| -15.62 |kN 
Fog ovis Frc 11.25 


Fp ~9,37 iA ae 


Positive means Tension, Negative means Compression 


Problem 6-6 


Determine the force in each member of the truss and state if the members are in tension or 
compression. 


Units Used: 
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e 
Solution: d= san *) 
a 


Initial Guesses: 


Fag =1kN Fag =1kN Fcop =1kN 


= 1kN Fpg =1KN Fog = 1 kN 


| 
w 
i) 

| 


Fog = 1KN Frg = 1KN Fre = 1kN 


Fop = 1KN Fpr = 1kN 
Given 
Joint B Fac — Fapcos(0) =0 
-Fpg — Fapsin() = 0 
Joint G Fro t+ Fogcos() - Fac =0 


Fcgsin(8) + FRG = Py =0 


Joint C Fee + Fcp t (For Fg)cos(4) = 0 


-(Fog + Fcr)sin(4) = 0 


Joint D -Fop + Fpgcos(9) =0 


-Fpr = Fpgsin(0) = 0 


Joint F Fer Fg — Fcreos(0) = 0 


For + Fcrsin(6) - Po = 0 


Joint E -F pg. cos( 8) —Frpp=0 


yyy 
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Pap 
FBC 
FCG 
FCD 
PAG 
FBG = Find(Fag.Fgc.FcG-Fcp-FaG- FBG: FFG: pF-FCF>FDE-FEF) 
Fre 


PDF 


E a 
AB 2305 AG 26.25 
FBC 2G 25 FBG 35 
kN = 
Fog G5 Frg O15 


E1875 
esp 


Positive means Tension, Negative means Compression 


Problem 6-7 


Determine the force in each member of the truss and state if the members are in tension or 


compression. ; 
Units Used: F; re 
kN = 10° N | 1: 
Given: sd aan 
F, = 3kN 
Fy = 8 kN / 
F3 = 4kN 4 hi : 
Fy, = 10 kN a is u | 
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a=2m 
b=1.5m 
‘ b 
Solution: 6 = atan| — 
a 


Initial Guesses 


Fp, =1kN Fao = 1 KN 


Fac = 1 KN 
Fap=1KN Fep=10N pain 
Fpp=1KN Fep=1KN pig 


Given 


JointB =F, + Fac = 0 
-F- Fp, = 0 

JointC = Fop-F pc — Fac cos(0) = 0 
-F- Fac sin(9) - Fop = 0 

Joint E —Frr=0 

Joint D —Fcp - Fppcos(6) =0 
-F4- F ppsin(6) - Fep = 0 

JointF = Fag + Fep t+ Fppcos(6) = 0 


For + Fprsin(0) =0 


Fcp | = Find(Fgq;Far-Fpr-Fac-Fcp-FEp>Fac-F cr: FEF) 
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Fig 


F, 
hey (PD) 
=< US 
’ RA9 

Pig ae Fray 
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FRA 
-8 
Far 
. 4.167 
ES 5.208 
FRC =3} 
Positive means tension 
F =| es , 
CD Se Negative means compression. 
Frp —13.125 
—1.458 
Fac 
—3.125 
F 
CF 0 
FER 
Problem 6-8 


Determine the force in each member of the truss in terms of the external loading and state if the 


members are in tension or compression. 


Solution: i a 

=M ,= 0; Pat Cy2a Pa=0 
cy =P 

Joint C: 

DF, = 0; =Fac - Faro 7 

2Fy = 0; 
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~ At ms 
V¥17P > t 
Fop = ew = 1.374 P (T) 
P 
Joint B: 
1 
LF, = 0; P= ey =F ap 0 - 
wD 
BOR _., 
XF,, = 0 : F + : F F 0 F AVS 
ewe? V2 CD Ap AB BD (it Pas: nt 
J2P 
Fap = aa = 0.471P (C) 
Fi 


5P iD) 
Fpp= 7, =1667P (1) g 


Joint D: : Pp 
XF, = 0; Fpa = Fop = 1.374P (T) 


Problem 6-9 


The maximum allowable tensile force in the members of the truss is T, and the maximum 


max? 
allowable compressive force is C,,,,. Determine the maximum magnitude P of the two loads 


that can be applied to the truss. 
Given: 


Tq = 150016 


Cmax = 800 Ib 
Solution: 
Set P=1]b 


Initial Guesses 


Fap=1lb Fapj=1lb Fay =1)b ZN 
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Given 


JointB (Fac - Fas)as +P=0 


Fap~ (Fan + Fachas =0 


Joint D (F F + =0 
cD~ FAD = 
WAVE 


Fap~P -(Fa+ Feo} = 0 


: 1 4 
Joint C “FBC 5 = CD ae =0 
Fap 
FBC 


Fap | = Find(Fap.Fpc-Fap-Fcp-Fpp) 


Now find the critical load 


P,=P 


Cmax 


P 


P=min(P;,P) P= 424.31b 


Chapter 6 


ae q 
P 
F 
AB 0.471 
FBC 1.886 
Fap | =| 1.374 |Ib 
me 1.374 
1:667 
Fep 
P, = 9001b 


Po = 424.264 Ib 


Problem 6-10 


Determine the force in each member of the truss and state if the members are in tension or 


compression. 
Given: 
P,; =01b 
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P = 1000 Ib 


a = 10 ft 


b = 10 ft 


Initial Guesses: 
Fap = 1b Fag = 11b FRG = 1 1b 


Feo =1lb Foc =1b Fog =1)b Fis 


Ferg =1lb Fro =1lb Fog=1lb lias 
—— } 


ae 


\tan 


Joint B Fac — Fap= 9 
Fag -P, =0 A\ 
Joint G (Foc - Fc)cos(9) + FrG = 0 
(Foc + Fac) sin( 6) = FRG = 0 
Joint C Foc - FRc ~ Fog oos( 9) =0 F 


Frc + Fcgsin(@) - Po = 0 


Joint E Fpgcos( 6) -Frg =9 
—Fro ~ F pgsin( 6) = 0 J 


JointD = —Frpgcos(8) - Foc = 0 Pris 


\, 
ian ~* (ab) 


: Fry 
F ni “5 
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Fpc | = Find(Fag.Fgc-FEG>Fac>Fpc-Fec>FBG-Fpe-Fcc) 


FEC 
FBG 
FDE 
FcG 
Fap a. 
333 

FBC 
Fs 333 

ae =667 
FAG -471 
Fpoc | =| 667 {Ib Positive means tension, 
F 667 Negative means Compression. 

EC 

0 F yy; \ 

F 

BG Wa) 

943 tan fF 

F 

oie 471 P 

hy ; fu 

FcG 


Problem 6-11 


Determine the force in each member of the truss and state if the members are in tension or 


compression. 
Given: 
P, = 500 lb 
Py = 1500 |b 
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a = 10 ft 
b = 10 ft 
Solution: 


b 
0 = atan (2) 
a 


Initial Guesses: 


Fag =1lb Fag =1)b 
Feo =1lb Foc =1b 


Fag =1lb Fro = 116 


Given ‘ihtw) 


| tan 


Joint B Feo - Fap= 9 

Joint G (Foc = F c)cos(4) + FrcG = 0 
(Foc + Fac) sin( 6) = FpG = 0 

Joint C Foc - Fac — Fceg0os(9) =0 ' 
Fro + Fogsin(0) = is) =0 

JointE — Fpgcos(@) - Fag = 0 Frp 


Frc = Fpgsin(9) = 0 


JointD = —Fpgcos(8) - Foc = 0 


{ao 
Fy 


(hal 
: ; 6) 
Fry 7 


hall teil) 


ji Pn 
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Fpc | = Find(Fag.Fpc-FEG>FaG-Fpc:FEc>FBG:- DEF) 


FEC 
FBG 
FDE 
Fog 
Fap tan”) Valhy 
833 
FBC Pi 
: 833 ; 
in — 
EG ily 
FaG 1179 
Foc |=| 1167 |lb Positive means tension, Ps 
F 1167 Negative means Compression. 
Be 
500 
FBG 
~1650 
F 
DE A471 
PGE 


Problem 6-12 


Determine the force in each member of 
the truss and state if the members are in 
tension or compression. 


Units Used: 
kN = 10° N 

Given: , 
P, = 10kN 
Py = 15 kN 
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a=2m 

G, 
b=4m "4 
c=4m 


Solution: a = atan = f = atan = : 
a b A 


Initial Guesses: 


Fagp=1kN  Fap=1kN  Fop=1kN : : 
Fpp=1KN Frc =1kN- Frpg =1kN e 
Fac =1KN) Feo =1KN Fop =1kN : lA, 
BED a weed ae =F 
: (A) 
Given h 
JointB = -Fop + Fac — Fapcos(a) = 0 
-F ,psin(a) — Fpp = 0 
Jot F = —-Fap+ Fre +Fgccos(f) = 0 
Far + Frcsin(f) —P, = 0 rs 
Joint C —Fpc - FRc cos(f) + Fcpcos(a) =0 
-Frcsin(f) - Fopsin(a) - Fgc = 0 
JomtE —-Fpg+Frp = 0 
Frc - Pp =0 
Joint D ~Fcpcos(a) — Frp = 0 . 


Fcpsin(a) = 0 
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FAB 


PRR 


= Find(F ap. Fpr.Fpc>Fep-Far>Frc>Fec>FGp-FFE-Fcop) 


F 
FC Si 


Fer 25 FEC 15 

27.5 kN Positive means Tension, 
Negative means Compression 

FE : 


zi 0 
Par Fop 


Fac |=| 15 |KN FGB 


Problem 6-13 


Determine the force in each member of the truss and state if the members are in tension or 


compression. 
Units Used: 
kN = 10° N 
Given: 
P,; =0kN 
P> = 20 kN 
a=2m t 
b=4m 
c=4m 
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. c c 
Solution: O= aan“) pz san <) Fen 
a b ; 


Initial Guesses: 


Fap=1kN  Fap=1kN  Fop =1kN 
Fpp =1KN Fro =1kN ~ Fpp =1kN 


Frp = 1KkN 
Given : 
Joint B -Fop + Fac — Fapcos(a) =0 Fig A) 


—F apsin(a) — Fpp = 0 Ay we F 


Joint F —Far + Feg t+ Frc cos(p) =0 (A) val 


Fart Fgcsin(Z) =P = 0 
Joint C -FRc - Fro cos(f) + Fepcos(a) =0 


—Fro sin() = Fcpsin(a) = Fro =0 | 


Joint E —Frret+Frp = 0 
EreoFpg=0 
Joint D ~Fcpcos(a) —Frp =0 


Fcpsin(a) = 0 


= Find(Fap.Fpr.Fpc.Fep-Far>Frc>Fec:FGp-FFE-Fcp) 
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Chapter 6 


F F 
ee or gia PS ones 
FBF 20 EEG 20 
Ti Ve | (ee 20 kN Pea |= 30 kN Positive means Tension, 
0 0 Negative means Compression 

FED FRE 

—20 0 
Far Fcp 


Problem 6-14 


Determine the force in each member of the truss and state if the members are in tension or 
compression. 
Given: 


P, = 100 lb 


P» = 200 lb 


Ps = 300 lb 


a 


b 


0 


10 ft 


10 ft 


30 deg 


b 
Solution: g = aan) 
a 
Initial Guesses: 


Fag =1lb Far =1lb 
Fpp=1lb Fro = 1b 


Frp =11lb Feo = 1b 


=1\)b 
=11]b 


=1\)b 
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Given ~ Py I 


(A) SAH 
= Fn a 
JointB Fac — F apcos(¢) =0 VTA A) ted 
au A, a Fa, 
—Fpr- F apsin(¢) =0 Fup yy 
Joint F —Far+ Ferg t+ Frc cos(¢) =0 A, 


—Py + F ppt Fecsin(¢) =0 
Joint C =F pert Fcpcos(¢) - Fro cos(¢) =0 Py 

—Fro = Fcpsin(¢) = Fro sin(¢) = 0 Fay we 
Joint E —Frrt+Frp = 0 7 

Frc -P3=0 


Joint D -F gp cos( 8) - Fcpcos(¢ + 6) =0 


Fy 
© 
Fix mei 
Vie af is ip na I yy ehh 
a Fon (E) 
/ 1” Ht = 
r, 
FaB 
Far 
FBC 
PRR 


Frc | = Find(Fap.Far.Fpc.Fpr-Frc>FrE>FEp»FEc-F cp) 
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FAB 
—330.0 
Far 
F 79.4 
BC —233.3 
FBF 233.3 
Fro | =| -47.1 |Ib Positive means Tension, 
F 112.7 Negative means Compression 
FE 
112.7 
FED 
300.0 
F 
Bo —377.1 
Fcp 


Problem 6-15 


Determine the force in each member of the truss and state if the members are in tension or 
compression. 
Given: 


P, = 400 Ib 


= 400 lb 


Uv 
N 
| 


Pz = 01b 


a = 10 ft 


b = 10 ft 


0 = 30 deg 


b 
Solution: @ = san) 
a 


B { 
Initial Guesses: 
I, 
Fap=1lb Fap=1lb Fpc=1b | n 
4 < wa 
: ; ' 
Far = 1 1b Fro = 11b Frr = lb u u “u x 
\ Pp P, O YR; 


Fep =1lb Feo =1b Fop=ilb 
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Given 


Joint B 


Joint F 


Joint C 


Joint E 


Joint D 
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Feo ~ F apcos(¢) =0 


-F pp — Fapsin(¢) = 0 
Fart Feet Frc cos(¢) =0 


—P5 + Fae +Fgcsin(¢) =0 


—-Fpc + Fcpcos(¢) = Fro cos(¢) =0 


—Fro = Fcpsin(¢) = Fro sin( ¢) =0 


—Frrt+ Frp = 0 
Fro — P3=0 


~F gp cos( 6) — Fopcos(¢ + 8) = 0 


Fy; 


iin” | tata) 


Fy 
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hy -—+ ——_+ fF, 


= Find(Fap.Far.Fpc.Fpr-Frc>FrE>FEp FEc-F cp) 
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FaB 

ayaa 
Par 
2 189.7 
Be 2667 
PBF 266.7 
Pee |=) 188.6" (1b 
For 56.4 

56.4 
FED 

0.0 
F 
EC ~188.6 
Fcp 


Positive means Tension, 
Negative means Compression 


Chapter 6 


Fy © 


tan (a/b) wan! (ath) 


Problem 6-16 


Determine the force in each member of the truss in terms of the load P and state if the members 


are in tension or compression. 


te 
— ———— «_—_ 
\ E\ 
\, 
P| \ 
— 1} \ 
4 \ 
< \ 
% 
wars . 4 
- + oe 
— ate 
iy 
# i 3 
ll 
Solution: 


Support reactions: 


3 
*Mg=0;  Ay>d-Pd=0 
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an . 2P 
XF, = 0; A, — E, = 0 2 ary 
LEY = 0; Ey-P=0 Ey =P 
Joint E: 

rs 2 13 
XF,, = 0; FEC Fg Ex ° Fro = tional (T) 

\ 
3 
XP, = 0; PO FED” FEC 3 > ° Frp = 0 
Joint A: 
XF = 0; F : F : =0 Fap=F 
yo” ABTS faa AB AD 
Firsy 
2 

=(): = = 5 
2F,=0; Ay °F AB Ts : Fap = Fap ep 0.373P (C) 
Joint D: 

“% 2 2 VE 

= 1 P 
LF, = 0; 2FAD 7s DB ° Dorie (T) 
Joint B: 
LF,=0; F : F : =0 F =  P = 0.373P (C) 

x ’ BE Ts BC ds BC 6 : 


Ping = 08S? 


A, = (L6667P ; 26.57 Fy, 
\ 

2437 26,57 

F Ww Fanp=¥ AWITP (By 
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Problem 6-17 


The maximum allowable tensile force in the members of the truss is T,,,4, 


allowable compressive force is C,,,,,. Determine the maximum magnitude of the load P that can 


and the maximum 


be applied to the truss. 
Units Used: 


3 oe 
kN = 10 N j A 
1, 
Given: \ 
Lage = 3 KN 
if 
Cmax = 3 kN \ 
d=2m 
De 
Solution: SE Ne \ 
. “A — NE ap 
Set P=1kN 4 a 
wk > = 
Initial Guesses: a A FS 
; => KB “a di 
Fap = 1kN Fap = 1kN Sz = = ' 
es tees I i 
eae 
ie 
Feo = 1 kN Fpp = 1 kN ~ ad - il 


Fop = 1 kN For = 1 kN For = 1 KN 
Given 


Joint A Fapyg ~ Faz = ° 


2 2 
Joint B F3e— = AB—= = 9 

V5 V5 
Joint D a = | 
olnt (Fop- Fav) =0 F ” 

1 
For ~F pp - (Fap + fap ger © 

2 2 
Joint C Went #8G) = Fane =? bay uh 
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Fap 


Now Scale the answer 


Pp Pp max 
1 = dh) rs a erm 71 
max(Fap»Fap.Fac-Fpp>Fcp:FcE>F DE) 
Cmax 
Po 


Se as 
|min(F ap.Fap-Fec-Fpp-Fcp--ce--pe)| 


P = min(P;,P>) P = 4.16kN 


Problem 6-18 


Determine the force in each member of the truss and state if the members are in tension or 
compression. Hint: The horizontal force component at A must be zero. Why? 
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Units Used: 

kip = 10° Ib 
Given: 

F, = 600 lb 

F> = 800 lb 

a=4ft 

b = 3 ft 

0 = 60 deg 
Solution: 


Initial Guesses 


Fpa = 1 1b Fpp =1lb Fep = 1 1b 
Given 
JointC —-Fcp — Fy cos(0) =0 
: b 
Joint B Fop+F pp =0 
a dae 
FBA 
FBD 
F = Find(Fgq.Fpp-Fcp>Fcp) 
CB 
Fcp 


-Fop = Fysin(6) = 0 


Chapter 6 


Fcp = 11b 


—Fpa- F gap =F, =9 
a +b 

F 

BA 

Bisa 21G° 

F Positive means Tension 

BD 

= ESE lb Negative means 

FcB —400 Compression 
Fop —692.82 


Problem 6-19 


Determine the force in each member of the truss and state if the members are in tension or 
compression. Hint: The resultant force at the pin E acts along member ED. Why? 


Units Used: 


kN = 10° N 
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F, = 3kN 
Fy = 2 kN i: 


Solution: 


Initial Guesses: 


Fop =1kN Fop=1kN Fp, = 1kN 


Fpp =1kN Fp, =1kN Fog = 1kN 


Given 
P 2a 
JointC §=-FcopR - Fcp ———. = 0 
Hay ab 
F5-F b =0 
2 CD 5 5° 
(2a) +b 
Joint B —-Fpat+Fcp =0 
\ 
-F, - Fpp = 9 
2 2a / 
2 2 
V(2 a) +b 


b 


Fep 4 (Fop + FDA For} a) 
V(2 a)" +b 
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FcR 
Fcp 
FBA 
gi, l= Find(Fcg-Fcp-FBa-Fpp-Fpa-F DE) 
BD 
FDA 
FDE 
FcB 
3 
F 
cD 3.606 
FRA 3 
= kN __ Positive means Tension, 
Fep —3 Negative means Compression 
2.704 
FDA 
-6.31 
FDE 


Problem 6-20 


Each member of the truss is uniform and has a mass density p. Determine the approximate force 
in each member due to the weight of the truss. State if the members are in tension or 
compression. Solve the problem by assuming the weight of each member can be represented as 
a vertical force, half of which is applied at each end of the member. 


Given: 
pee 
m 
g = 9.81 — 
s 
F, =0N 
F > =0N 
a=3m 
b=4m 
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Solution: 
Initial Guesses: 


Fop=1N Fop=1N_ Fpa=i1N 


Fpp=1N Fp,=1N_ Fpg=1N 


Given Peon 


2a 


—FcB == GD 5. 5 
¥(2a)° +b 


2 2 
retorts oi) -@)]- 
See CD $$ =. -. 09, 5 a = 

(2a)7 +B" 2 2 4 


Joint B —Fpat+Fcop = 0 


Joint C -0 


b 


é b b a 4 b 2 
Joint D Fep +(Fop+ Fpa Fog} ~ 9), +3 sk tego 
V(2a)° +b 
2a 


(Fop —Fpoa- eae =0 


FCB 
Fcop 
F 
BA 
: = Find(Fog,F cp. Fpa»Fsp-Fpa>F be) 
BD 
FDA 
F, 
FDE 
Fiyy Wie . 
/ MA - / 7 
(B) 
Fry 
lay 
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FcB 

389 
Fo —467 
FRA 389 

= N Positive means Tension, 

Fep —314 Negative means Compression 

736 
FDA 

—1204 

PDE 


Chapter 6 


Problem 6-21 


Determine the force in each member of the truss in terms of the external loading and state if the 
members are in tension or compression. 


Solution: oe 
Joint B: 
+45 Fy=0;  Faasin(2 0) ~P =0 (cot 2441) F 
Fpa = Pesc(2 6) (C) TD) a1) 
4 Fy —— > 1 ———_ 


— 2F,=0; Fpacos(2 6) - Fac = 0 
Fac = Peot(2 4) (©) 
Joint C: 
> 5 F,=0; Pcot(2 +P +Fepcos(2 6) — Feacos(6) = 0 


+45 Fy=0;  Fopsin(2 4) - Fcasin(9) = 0 
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cot(2 6) +1 


FCA = cos( 6) = sin( 6) cot(2 6) 
Foca = (cot(@) csc( 0) = sin( 6) + 2cos(@))P (T) 


Fcp = (cot(2 @) +1) P (C) 
Joint D: 


> 5 F,=0; Fpa — Leot(2 6) + 1] [cos(2 9] P = 0 


Fp, = [cot(2 6) + 1] [cos(2 6)|P (C) 


Problem 6-22 


The maximum allowable tensile force in the members of the truss is T, and the maximum 


max? 
allowable compressive force is C,,,,- Determine the maximum magnitude P of the two loads that 


can be applied to the truss. 


Units Used: 


= 1.2 kN 


L=2m 


S 
lI 


30 deg 


Solution: 


> 


Initial guesses (assume all bars are in tension). Use a unit load 
for P and then scale the answer later. 


Fpa=1kN Fac =1kN Fo, =1kN 


a Fy 
Finn AK (8) 
Fop =1kN Fp, =1kN- P=1KkN 0 
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Given 


Joint B P tang 
———— > fp 


——_S 
+ DFy=0; —Fpasin(2 0) -P = 0 De] © 
ae 


+ 
—> 2 F,=0; —Fpacos(2 6) + Fac = 0 


Fry 
Joint C 
+42 Fy=0;  -Feasin(@) - Fepsin(2 4) = 0 
+ 
—> 2 F,=0; 
Joint D —FRc + P ~Fepcos(2 0) — Feacos() =0 
+ 
— LF,=0;  -Fp,+Fepcos(2 @) = 0 D, 
F F 
os sii -1.155 
FRC FBC ~0.577 
Fea | = Find(Fgq;Fgc+Fca>Fcp:Fpa) ans =| Foq | ans =| 2.732 |kN 
Fcop Fcp —1.577 
—0.789 
FDA FDA 


Now find the biggest tension and the biggest compression. 
T = max(ans) T = 2.732kN 
C = min(ans) C = -1.577 kN 


Decide which is more important and scale the answer 


P = min P P = 732.051N 


Problem 6-23 
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The Fink truss supports the loads shown. Determine the force in each member and state if the 
members are in tension or compression. Approximate each joint as a pin. 


Units Used: 
kip = 10° Ib 
Given: 
F, = 500 lb 
Fy = 1 kip 
F3 = 1kip 
Solution: 


Entire truss: 


LF, = 0; 


2xM, = 0; 


XF, = 0; 


Joint A: 


2F = 0; 


LF, = 0; 


Ey = (Fy + Fo + F3 + Fo + F;)sin(9) Ey = 20001b 


-A, 4acos(6) + F,4a + F73a + F32a + Fya = 0 


7 2g foe Lg 


he cies ees A,, = 2309.4 Ib 
y 2 cos( 6) y 
Ey = -Ay+2 cos(6) F, +2 cos(6) Fy + cos(A) F3 Ey = 1154.7 Ib 


~cos(@) Bye 


y 
Fap = 
ae sin( 6) 


Fap=3.75kip — (C) 


Far = ~sin(@) F, + Fap cos(6) 
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Joint B: 
XF, = 0; 


EF, = 0; 


Joint H: 


EF, = 0; 


=F, = 0; 


Joint E: 


=F, = 0; 


<F, = 0; 


Joint D: 


LF, = 0; 


XP, = 0; 


Joint C: 
LF, = 0; 


iF, = 0; 
Joint F: 


=F, = 0; 
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Foy = —-F9 cos(—90 deg + 6) -Fuc cos(—90 deg + 6) + Fay 


x 
Fop = 
HE sin( 6) 


Frp = -Eysin(@) + E,cos(6) + Fgpcos( 6) 


Frp = 3.75kip (C) 


Pog = FE 
Foc = 3.75kip (©) 


For = Fp \ \ 


For = Fag 


Fog = F3 + Fyccos(90 deg — 6)(2) Fog = 2kip (© 


Frag = Egp-Fcpcos(90 deg- (2) Ferg =2kip (1) 
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Fey; ¥ Fry: 


gi / , PA 


Fan 


G 


Problem 6-24 


Determine the force in each member of the double scissors truss in terms of the load P and state 
if the members are in tension or compression. 


Solution: 
L 2L 
' 2M,=0; P= +P—--DyL= 


*t SF, =0; Ac+ Di =2P=0 


Joint F: 


1 
+ = fVe =: 
T =F, =0; Frp—= -P=0 


2 


+ 1 
—> XF,=0; FED SEE TERS 
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Joint E: 


1 
+ _—Nn. = 
TEry=0; Fac -P=0 


2 
+ a 1 
—> XF,=0; PEF PEAY FECT = ° 
Joint B: 


“T EFY=0; Frop— =0 


+ 1 1 2 
Joint C: 


1 1 
** SF =0; Foa—= + Fop—= - Frc— = 
y oaG ast eye 
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Joint A: 
SS Sr 0). Poo =e) 
x > AE Ba CATs 


Solving we find 


Fp = 0.667 P(T) 
Frp = 1.67 P(T) 
F ap = 0.471 P(C) 
Fag = 1.67 P(T) 
Fac = 1.49P(C) 
Fpp = 1.41P(T) 
Fpp = 1.49P(C) 
Frc = 1.41P(T) 


Fcp = 0.471 P(C) 


Problem 6-25 


Determine the force in each member of the truss and state if the members are in tension or 
compression. Hint: The vertical component of force at C must equal zero. Why? 


Units Used: 

kN = 10° N 
Given: 

F, =6kN 
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Fy = 8 kN 
aqa=15m 
b=2m 


c=2m 


Solution: 


Initial Guesses: 


Fagp=1kN Fag =1kN Fpp = 1kN 


Fpc = 1kN Fpp =1kN Frgp = 1kN 


Joint A 


Joint E 


Joint B 
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FAB 

TES 
F 

ae -4.5 
FEB 8 
= kN Positive means Tension, 
FRC 18.5 Negative means Compresson. 
—19.799 

Fep 

-4.5 
FED 


Problem 6-26 


Each member of the truss is uniform and has a mass density o. Remove the external loads F,, 
and F’, and determine the approximate force in each member due to the weight of the truss. 


State if the members are in tension or compression. Solve the problem by assuming the weight 
of each member can be represented as a vertical force, half of which is applied at each end of 


the member. 
Given: 
F, =0 
Fy =0 
k 
p=8— 
m 
aqa=15m 
b=2m 
c=2m 
= 9g1— 
g=4. 
S 
Solution: 


Find the weights of each bar. 


2 2 
WaB = pgva +c Wpc = gb WpE = Pgc 
[2 2 
WAR = pga Wpp =pgvb +c WDE = pgb 
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Guesses Fap=i1N Fag =1N  Fpp=1N (Ways Wap W2 
Fpc = 1N Fen =1N Fpg=1N 
Given 
a 
Joint A Fare + —_=F yp = 0 
AE Paz AB 
a +c 
Cc . Wapt War a 
ED Nici 2 
a +c 


Joint E For - Far = 9 


War + Wert+ Wor Sf 


F = 
BE 2 (Wet Wee t Woewt 
et ae ne eee ee 
1 —_— = 
BC 5 a BD sp AB 
bo +c a +c 
eee Bn ge: AR MBE BED RG 
oe ee BE a BD 5 
a +c bo +c 
Fap (Way Wap = Wayt WaeW2 
PAE 
FBC 
' = Find(F 4g-Fag»FBc>F pp-F BE>F pg) 
BD 
FBr 
FDE 
Fas 
196 
F 
AE te 
Feo 857 Positive means tension, 
= N Negative means Compression. 
Fpp ~1045 
216 
FRE 
-118 
FDE 
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Problem 6-27 


Determine the force in each member of the truss and state if the members are in tension or 


compression. 
Units Used: 

kN = 10° N 
Given: 

P, =4kN 

P>=0kN 

a=2m 

0 = 15 deg 
Solution: 


Take advantage of the symetry. 


Initial Guesses: 


Foa =1KN Fac 


Given 
—P 


F i : : 
Joint D }=—- Fppsin(2 6) = Fcpsin(3 6) =0 


2 


1 kN 


1 kN 


Fap = 1 kN 


JointB = —Pycos(2 0) - Fac = 0 


Joint C 
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Fen - Fap- Posin(2 8) = 0 
Fcpcos( 6) ~Fcacos(8) =0 


= Find(F gp. Fcp-Fap-Fca>F pc) 


Chapter 6 


Engineering Mechanics - Statics 


F 
ze FD 
0 FED 
-—|—-4/1kN For = 
: FEG 
0 
FRE 


Positvive means Tension, 
Negative means Compression 


Chapter 6 


Problem 6-28 


Determine the force in each member of the truss and state if the members are in tension or 


compression. 
Units Used: m 
kN = 10° N 
Given: 
P; =2kN 
P> =4kN 
a=2m 
0 = 15 deg 
Solution: 


Take advantage of the symmetry. 


Initial Guesses: 


Foca = 


Given 


Fpp = 1kN Fcop = 1kN 
1kN Fpo = 1kN 
=P, 


Joint D 


Joint B 


Joint C 
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2 


—Pcos(2 6) -Fpeo =0 
Fen - Fap - Posin(26) = 0 
Fcpcos( 8) — Fc,cos(0) =0 


(Fep *E Fca)sin( 4) + Feo =0 


Fap = 1kN 


— -Fppsin(2 6) —Fepsin(3 4) = 0 
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Fp Frp Fp 
Eep Fep Fcp 
Fap | = Find(Fppn.Fcp-Fap-Fca-Fpc) | Far | =| Fas 
FGA FG Foca 
FBC FER FRC 
*BD\ (_11.46 FFD\ (11.46 
Fcp 6.69 FED 6.69 
Fap |=|-1346|kN | For |=|-13.46 |KN Negative means Compression 
Ea 6.69 Bee 6.69 
me 23.46 Fp 3.46 


Problem 6-29 


Determine the force in each member of the truss and state if the members are in tension or 


compression. 
Units Used: 
kip = 10° Ib 
Given: 
F, = 2 kip 
Fy = 1.5 kip 
F3 = 3 kip - fete hate hate No 
Fy = 3 kip 
a=4ft 
b = 10 ft 


Solution: d= aa 2) 


Initial Guesses 
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Fap = 


‘a a ce 


Far = 


Given 


Joint A 


Joint B 


Joint C 


Joint D 


Joint I 


Joint H 


Joint G 


Joint F 


1lb Fao =1lb Foep=1lb Fog =1hb 


Fay 
Fap= lib Fpp=1lb Foy =1lb Feg= 1b < tan! (2) 
= Die hy 

1lb For =1)b 


Fpp=1lb Fy = 1b ah Fin 


1lb Foy =11b Frg =1)b 


F q,cos(6) + Fap=0 , 
a) Bt 
Feo - Fap= 9 ‘an (4) - St ‘ 
Fry, = 
E\ 
Fp, = 9 


Fpr~Fcp=9 


For = 0 


Fo+ (For + For ~ Faz)cos(@) =0 


Fox 008( 8) +F,=0 


-F gysin( 8) = Fuy =0 


(Frc -Foy- Fgz)cos(4) =0 
F3~ Fog + (Fon ~ Frc ~ Fer)sin(9) = 0 
(Fer - Frc - Fcr)cos(9) = 0 


(Frc - For ~ Fgp)sin(®) - F4- Frpp = 0 


Fry 
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Fc | = Find(F4p.Fgc-Fcp>Fpg-Far-Fpr-Fcr-FcG>Fcr>FpF-FeF-Fut-FG1-FGH:= 


Ey tll Meeoag| Kip eG =| aa: "kip For | =| -5.92 |kip 


Positive means Tension, Negative means Compression 


Problem 6-30 


The Howe bridge truss is subjected to the loading shown. Determine the force in members DE, 
FH, and HG, and state if the members are in tension or compression. 


Units Used: 


kN = 10° N 
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Given: 
F, = 30 kN 
Fy = 20 kN 
F3 = 20 kN 
Fy = 40 kN 
a=4m 
b=4m 

Solution: 


—F5 a— F3(2a) — F4(3a) + Gy(4a) =0 


Gg 
y 4 


Gy = 45kN 


Guesses For = 1 kN Fry = 1kN Fyg = 1 kN 


Given 


“Fpe-FHG=9 Gy-F4-Fry=9 


For b+Gya=0 


FDE For LAS 

Frx | = Find(Fpg.Fen»FHc) |FEH|=| 5 |KN _ Positive (T) 
4S Negative (C) 

FHG FHG 


Problem 6-31 


The Pratt bridge truss is subjected to the loading shown. Determine the force in members LD, 
LK, CD, and KD, and state if the members are in tension or compression. 


Units Used: 


kN = 10° N 
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Given: 
F, = 50 kN 
F> = 50 kN , 
F3 = 50 kN ! 
a=4m ! 
=3m 
Solution: 
A, =0 Fy ae PF 
ne 3F 3+ 4F5+ 5F 1 
y = 6 K /\ 7 A 
| a4 \ \ / Z A | 
Guesses X xs \ ye | a | 
\ . ff f Z 
Fen = 1kN Fry = 1k Oe \ \ \IA / / 
LD = LK = . 5 Y v 
Fop = 1kN  Fxp = 1kN , ra ih) 
\, G. 
Given 
Fy b+ F1(2b) - Ay(3b) - Fx a =0 P ‘ 


Fopa + F1b— Ay(2b) = 0 


a 
Ay — Fy - Fo- “Wes 25 Frp = 9 
ya +b 


—F3- Fp = 0 
FLD 0 0 
FLK FLK E1125 
= Find(Fp.FrK»Fcp-F Kp) = kN Positive (T) 
Fcp Fcp 112.5 Negative (C) 
50 
FKD FKD 
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Problem 6-32 


The Pratt bridge truss is subjected to the loading shown. Determine the force in members JI, 
JE, and DE, and state if the members are in tension or compression. 


Units Used: r FP, F, 
kN = 10° N 
Given: 
F, = 50 kN 
Fy = 50 kN 
F3 = 50 kN 
a=4m 
b=3m 
Solution: 


Initial Guesses 


Gy =1kN Fy = 1kN 


Fyp =1kN Fp = 1kN 


Given 


Entire Truss 


-F 1b ~ Fo(2b) - F(3b) + Gy(6b) = 0 


Section 
—Fpr - Fy = 9 Fypt+ Gy=0 
Gy(2b) —F pra =0 
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Gy P 
JI -75 
Ei = 
Fre = Find(Gy,Fyr.Fyg.Fpg) Gy = 50kN JE | =| -50 [kN 
For 75 
FDE 


Positive means Tension, 
Negative means Compression 


Problem 6-33 


The roof truss supports the vertical loading shown. Determine the force in members BC, CK, 
and KJ and state if these members are in tension or compression. 


Units Used: 
kN = 10° N 
Given: 
F, =4kN 
Fy = 8kN 
a=2m 
b=3m 
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Solution: 


Initial Guesses 


A, = 1kN Ay = 1 kN 
Fac = 1 KN Fon = 1kN 
Ay 
Fry = 1kN 
Given 
A, =0 


F (3a) + F7(4a) — Ay(6a) =0 


xi 2] + (2) —-A (2a) =0 
3 3 y 


3a 
BR REE pee ee BY 


= Find(A,, A -Fxy-FcK-F.BC) 


Chapter 6 


Mas | 


id 
se iit | 
SS OL Pp 
B ~ rie . Zh 
ES. 
I ko . 
\ ~ F a) 
Met) + 
0 
6.667 
=|] 13.333 |kN Positive (T) 
0 Negative (C) 
—14.907 


Problem 6-34 


Determine the force in members CD, CJ, KJ, and DJ of the truss which serves to support the 
deck of a bridge. State if these members are in tension or compression. 


Units Used: 
kip = 10° Ib 
Given: 
F, = 4000 lb 
Fy = 8000 Ib 
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F3 = 5000 Ib , 


a =Q9Q9ft 


D E F 
= - ae ———y} . ' 
b = 12 ft | 
h 
SSS. SS OS | 
ke K | \/ (fT 
Solution SS ee ee ee ee ee ee 


Initial Guesses: DJ = 1 kip 


Ay = 1 kip = 1 kip 


sh 
o 
| 


Given 


F3 a+ Fo(4a) + Fy(5a) — Ay(6a) = 0 


F, Fy 
-Ay(2a) + Fya+Fxyb=0 A 
: t 
Fop+ Fry + ae 5 Fo; =0 A, 
ya +b 
b 
ya +b 
“4y y 9.5 
Fy PJ 11.25 
Foy | = Find(Ay,Fxy,Fcoy »Fps>Fcp) Foy | =| -3.125 |kip Positive (T) 
0 Negative (C) 
Foy Foy 
~9.375 
Fcp Fcp 


491 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 
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Problem 6-35 


Determine the force in members EI and JI of the truss which serves to support the deck of a 
bridge. State if these members are in tension or compression. 


Units Used: 
kip = 10° Ib F; " 
Given: 
F, = 4000 lb 
{ 
F> = 8000 Ib | 
? 
F3 = 5000 Ib | 
a =9ft 
b = 12 ft 
Solution: 


Initial Guesses: 


“ 
G,=1kip Frp=1kip Fy =l1kip ” 


'y 
Given 
hy 
Fya F52a F354 + Gy6a = 0 
a y! 
Gy2a— F3a—F yb =0 
Fry = F3 + Gy =0 
Gy Gy 75 
Fyy | = Find(Gy,F yp.F 7) Fyy |=| 7.5 |kip Positive (T) 
95 Negative (C) 
FET FET 


Problem 6-36 


Determine the force in members BE, EF, and CB, and state if the members are in tension or 
compression. 


Units Used: 


kN = 10° N 
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F, =5kN Fy =10kN 
F> = 10 kN a=4m 


F3=5kN b=4m 


Solution: 0= san 2) ‘5 
Inital Guesses ’ 


Fop =1kN Fag =1kN Fep = 1kN 


Given 


F,+Fo-Fpr cos( 6) =0 
—Fop —- Frre-F pr sin(@) — F3 = 0 
=F a+Fcpb= 0 


FCB 


Fpr | = Find(Fcg.F Bg; FEF) 


FER 

FcB 5 

Fer | =| 21.2 |kN Positive (T) : 
Negative (C) B 

For —25 


Problem 6-37 


Determine the force in members BF, BG, and AB, and state if the members are in tension or 
compression. 


Units Used: 


kN = 10° N 


F,=5kN Fy =10kN 
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Fy = 10 kN a=4m 


F3=5kN b=4m 


Solution: O= san 2 
Inital Guesses 

Fag =1kN Fpg =1kN Far =1kN 
Given 


F,+F5+F4+Fggcos(6) = 0 


F 3a Fy2a Fya+Fapb=0 


02) a 


Fao | = Find(F 4g-Fgg-F pr) 


PRR 

FaB 45 

FRG | =| -35.4 |kN Positive (T) 
Negative (C) 

PBF : 


Problem 6-38 


Determine the force developed in members GB and GF of the bridge truss and state if these 
members are in tension or compression. 


Given: 


F, = 600 lb 
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F> = 800 lb 
a = 10 ft 
b = 10 ft 
c=4ft 


Solution: 


Initial Guesses 


Ay=1ib A,=1b 


Fog =1lb For =1)b 


Given 


Fob + F7(b + 2c) — Aya(b + c) =0 


A, = 0 * a 
x a 
Ay — Fez = 0 A,—— 
= 7 
~Ayb _ Fora =0 A, dD, 
x (' 
Ay 
= Find(A,,A,,For,F 
x? Ay PGB FGF 
Fop ( y 
FGF 
A 
x 0 
Ay 671.429 Ay 
= Ib Positive (T) 
PGB 671.429 Negative (C) 
~671.429 
FGF 


Problem 6-39 
Determine the force members BC, FC, and FE, and state if the members are in tension or 
compression. 
Units Used: 
kN = 10° N 
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Solution: O= aan 2) 


Initial Guesses 


Dy=1KN Fac = 1KN 


Fro = 1kN Frg = 1kN 


Given 


Dyb - Frgcos( Aa =0 
Fro (Fc t F pR)cos( 4) = 0 


Fo + Dy+ (Fre + Fgc)sin(4) = 0 


Dy 
FBC 
F = Find(Dy,F gc. Frc.F rg) 
FC 
FRE 
Dy é 
FBC 8.49 
= kN Positive (T) 
Bree 0 Negative (C) 
8.49 
FRE 
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Problem 6-40 


Determine the force in members JC and CG of the truss and state if these members are in tension 
or compression. Also, indicate all zero-force members. 


AB D 


Units Used: 


kN = 10° N 
Given: 


F, = 6kN 


Fy = 6kN 


aqa=15m 


b=2m 


Solution: 


By inspection of joints B, D, H and I. 
AB, BC, CD, DE, HI, and GI are all zero-force members. 


Guesses Ay = 1kN Fic = 1kN Fog = 1kN Foy = 1kN 


Given ~Ay(4a) + F,(2a) + Foa=0 


—b b 
Fy7 - ——F -, - F =0 
IC CJ CG 
a + b? V a’ + b? 
Ay ae ie 
Fic Fic 5.625 - 
= Find(Ay, Fic > Fog > Fos) = kN Positive (T) 
FCG rare 9 Negative (C) 
—5.625 
Foy Foy 


Problem 6-41 


Determine the force in members JE and GF of the truss and state if these members are in 
tension or compression. Also, indicate all zero-force members. 


497 
© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 


This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 6 


Units Used: 
kN = 10° N 
Given: 
F, = 6kN 
Fy = 6kN 
a=1.5m 
b=2m 
Solution: 


By inspection of joints B, D, H and I. 


AB, BC, CD, DE, HI, and GI are all zero-force members. F F, 


Guesses Ey = 1kN For = 1kN For =1 kN 


Given —F,(2a) — F5(3a) + Ey(4a) =0 


b 


E+ — FF = 0 
'y 5 5 JE 
a+b 
cs eee een 
Jose JE GF 
a+b 
Ey Ey 7.5 
Fyp | = Find(Ey.F y¢.F Gp) F yg | = | -9.375 | KN Positive (T) 
5.625 Negative (C) 
FGF FGF ; 


Problem 6-42 


Determine the force in members BC, HC, and HG. After the truss is sectioned use a single 
equation of equilibrium for the calculation of each force. State if these members are in tension 
or compression. 


Units Used: 
kN = 10° N 
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Given: 
' 
F3 =4kN 
Solution: } 
’ 
Guesses 
Ay = 1kN Ay = 1kN j-— ep —__—=-__ @.§ —_-+ __g9_—+ 


Feo =1kN Frc = 1 kN 


Fyg = 1 kN d=i1im 


Given Se 
aes A, = 0 
a+d a ae 
(Fy - Ay)(4a) + Fo(3a) + F3(2a) + F4(a) = 0 Ftc 


(Fy = Ay)(a) + A,(c) — Fac(o) = 0 


a b 
———— F 77-(c) + —— F77(a) = 0 
HG HG 
ra + b° V a’ + b° 


(Fy = Ay)(2a) + F(a) + 


(el a 
A, — F1)\(d) — Fo(a + d) + =F (a + d) + ——=F py (0 = 0 
a +¢€ a+c 
By 
A 
x 
% NC ~10.417 
FBC ; x 0 - 
a = Find(Ay, Ay, Fac-FucFuG>4) A, leas mre la) Bek | aN 
Bee 9.155 
FHG 
d ool Positive (T) 
Negative (C) 


Problem 6-43 


Determine the force in members CD, CF, and CG and state if these members are in tension or 
499 
© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 


This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 6 


compression. 
Units Used: 


kN = 10° N 
Given: 
F, =2kNF,=5KN a= 


Fy = 4kN Fz =3kN b= 


F3 =4kN c=3m 
Solution: Pm a eH 
Guesses 

Ey = 1kN Fop = 1 kN 


For =1KN Fog = 1kN 
Fag =1KN Foy =1kN 


Given 
-F (a) — F3(2a) ~ F4(3a) + (Ey ~ F's)(4a) = 0 eer 
| u a hy 
Fop(0) + (Ey - Fs)(a) =0 F, Fs 
\ 
Fey) 
— | ' ' an! 
-F (a) - (Fs -E )(2a) - es ee +c) =0 <i | Zo 
y. foro | 
a +b la F E. h 
Ge \ Brg 
\ 
ae Pre 
FG” GH — : 
a? +b" a +b" Few 
F, Ay ViE4 ak ria ; 
b ~ - Vi 
5 =(Fro + FGx) + Foc = ° n pr 
a+b \G) 
a(c — b) a(c — b) Cc a(c — b) 
BS ae eg 
(F5-8,) b H b ia 9 b 
aq+c 
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E E 
x v 9.75 
F F 
CD CD ~11.25 
FCF FCF 3.207 7 
= Find(Ey, op, For-F cq FG» FGu) = kN Positive (T) 
FCG EEG 6.8 Negative (C) 
9.155 
FRG FFG 
9.155 
Fon FGH 


Problem 6-44 


Determine the force in members OE, LE, and LK of the Baltimore truss and state if the 
members are in tension or compression. 


Units Used: 
kN = 10° N 
Given: 
F,=2kN a=2m 


Fy>=2kN b=2m 


F3 =5kN 

Fy, =3kN 
Solution: 

A, = 0 kN 


Initial Guesses 


Ay =1KN Fog = 1KN 


For = 1KN Fre = 1kN 


Fre = 1kN 
Given 


F4(3b) + F3(4b) + F(5b) + Fy(6b) — Ay(8b) = 0 


b 
Fre t+F pr + Fork ———— = 0 
2 2 
a+b 
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a 
Ay- Fy -F2- Fog = 9 
a +b 


FLK 
FLE 
, FOE 236 
y 6.375 
= kN Fre }|=| 0 |kN Positive (T) 
FDE 7.375 Negative (C) 
Be ~9.75 


Problem 6-45 


Determine the force in member GJ of the truss and state if this member is in tension or 


compression. 
Units Used: 
kip = 10° Ib 
Given: 
F, = 1000 lb 
Fy = 1000 lb 
F3 = 1000 lb 
Fy = 1000 lb 
a = 10 ft 
0 = 30 deg 
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Solution: 
Guess Ey = 1|b Foy =1 Ib : 
| . Fey 
| “S.J 
Given lp 
| Cc) 
-F (a) ~ F3(2a) — F4(3a) + Ey(4a) = 0 | ” 
cc" i 
D 
a Fy o| 4 
-F4(a) + Ey(2a) + Fy sin(6)(2a) = 0 F, E, 
E E 
1.5 
* | send e .F ae kip Positive (T) 
yee GE 
Fos Fey —2 Negative (C) 


Problem 6-46 


Determine the force in member GC of the truss and state if this member is in tension or 


compression. 
Units Used: 
kip = 10° Ib 
Given: 
F, = 1000 lb 
Fy = 1000 lb 
F3 = 1000 lb 
Fy = 1000 lb 
a = 10 ft 
0 = 30 deg 
Solution: 
Guess Ey=1lb Foy =1hb | Fos 
| ar | 
Fug =1\lb Foc =1\1b | Pry 
Given Les} E 
C 
F D a 
—F (a) — F3(2a) — F4(3a) + E,{4a) =0 atFhon ig 


-F4(a) + Ey(2a) + Fey sin( 0)(2a) = 0 
503 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 6 


-F 47¢.00s( 0) + Fey cos( 8) =0 


-_— r ’ 
F3- Feo - (Fac + Faz)sin(9) = 0 Nol, | 
uJ 
aos ome 
Find WI Pe, 
E E ae 
y us 1.5 
ae: Gy = 7 
= Find(Ey,FGyFGc>FxG) - kip Positive (T) 
Foc EGG 1 Negative (C) 
=) 
PHG PHG 


Problem 6-47 


Determine the force in members KJ, JN, and CD, and state if the members are in tension or 
compression. Also indicate all zero-force members. 


Units Used: 
kip = 10° Ib 
Given: 


F = 3 kip 


a = 20 ft 


b = 30 ft 


c = 20 ft 


Solution: A, =0 


F 
2 2 
O? = atan @ = atan = | 
2a+b b a. 


Initial Guesses: Hs, 


Ay=1lb Fep=1hb a _ st ‘ Ne 4 
Cea | 


Fry = 1l]b Fyn =1\)b A, (24¢4) — , 
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Given 


b 
r{a+ 2) — Ay(2a +b) = 0 


b 
Fepe-Afa+ 2) =0 


Fopt+ F yy cos(¢) + Fry cos( 8) =0 


Ay + F yy sin(¢) + Fxyz sin(6) = 0 


y 
Ay : 
CD 2.625 
Fcp F 
a = Find(4y,Fop.Fyy-Fxs) Ay = 1Skip 1 pt Oe lst 
F 3.023 
KJ 
PJ 


Positive (T), Negative (C) 


Problem 6-48 


Determine the force in members BG, HG, and BC of the truss and state if the members are in 
tension or compression. 


Units Used: 
kN = 10° N 
Given: 
F, = 6kN 
Fy = 7kN | 
F3 = 4kN 
aqa=3m 
b=3m 
c=45m 
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Solution: 


(eo) Fine: ne 


, J 4 
Virb ta ‘ f 
t L 
- - 
a 7 V h ia, F i 
; : St / | ' 


Initial Guesses 


Ay =1kN — Fyg = 1KN 


A,=1kN  Fpo = 1kN 


a 
—-A,(a) — | ————_ |F 7, (5) = 0 
2 ss 


F3(a) + Fo(2a) + F4(3a) — Ay(4a) =0 

oo — a ee) aoe | Sen. ey 

BC 5 5 HG 5 5 BG x 
(c—b) +a a +c 


c-—b Cc 
Ay- Fy + ee a eee 
V (c—b) +a a+c 
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Ay Ay 0 
Ay Ay 9 
Fug | = Find(Ay, Ay,FyG»FBG-F Bc) Fr | =| -10.062 |kKN _ Positive (T) 
1.803 Negative (C) 
FBG FBG 
8 
FBC BG 


Problem 6-49 


The skewed truss carries the load shown. Determine the force in members CB, BE, and EF 
and state if these members are in tension or compression. Assume that all joints are pinned. 


Solution: 
(2M, =0;  -Pd-Fppd=0 Frp =-P Frp =P (C) 
2 5 
Qo mM, =0; -Pd+ sar cad=0 FcR = ep FoR =112P (7) 
. 5 
+ £ is 


Problem 6-50 


The skewed truss carries the load shown. Determine the force in members AB, BF, and EF 
and state if these members are in tension or compression. Assume that all joints are pinned. 
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Solution: 
\ DM,=0; —-P2d+Pd+Fapd=0 Fap=P Fan=P (T) 
\ DM,=0; —-Pd-Fppd=0 Fep = -P Frop=P (C) 
+ 1 
—>SF,=0; P+ BET =0 Far = —V2P Fprp=141P (C) 
2 


Problem 6-51 


Determine the force developed in members BC and CH of the roof truss and state if the 
members are in tension or compression. 


Units Used: 
kN = 10°N 
Given: 
F, = 1.5 kN 
Fy = 2kN 
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=15m 
=l1im 
c=2m 
d=0.8m 
Solution: oe 


0 = aan 2) go = san( : ) ? 
Cc c-—b le ole c A 


Initial Guesses: 


Ey=1kN Fgco =1KN Foy = 1 KN 


Given 


Fo(d) — Fy(0) + Ey(2c) = 0 


Fac sin(6)(c) + Fcxsin(g)(c - b) + Ey(c) =0 4 . Se 


-Facsin(@) — Fopsin(¢) - Fy + Ey =0 


By 

F 

BC —3.25 Positive (T) 
F = i = = 
BC | = Find(Ey,Fpc.Foq) Ey = 1.15kN Fon Re Negative (C) 
FCH 


Problem 6-52 


Determine the force in members CD 
and GF of the truss and state if the 
members are in tension or 
compression. Also indicate all 
zero-force members. 


Units Used: 
kN = 10° N 

Given: T “! 
F, = 15 kN 
Fy = 2kN 
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=15m 
=l1m 
c=2m 
d=0.8m 
Solution: 


0= sn“) g= atan( ) 
c c—b 


Initial Guesses: 


Ey=1kN  Fop=1KN Fgp = 1kN 


Given 


Fo(d) - Fy(c) + Ey(2c) = 0 


Ey(b) + Fcpsin(@)(b) = 0 


Elo) = FopF(a) =0 


By 

F 

CD -1.917 Positive (T) 
F = i = = 
cp | = Find(Ey,Fop»Fgp) Ey = 1.15kN Fog ee J Negative (C) 
FGF 


DF and CF are zero force members. 


Problem 6-53 


Determine the force in members DE, DL, 
and ML of the roof truss and state if the 
members are in tension or compression. 


Units Used: 
kN = 10° N 
Given: 
F, = 6kN 
—— ee i ee tt et 
Fy = 12 kN 
Fz = 12 kN 
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Fy = 12 kN f 
= / 
a=4m i Foe 4 
/ Dla! 
b=3m - i a \ 
c=6m ae sty | 
Ral : N Tn 
Solution: ‘oS : ~ fo 
c-—b he >» | As 
0 = atan ul ee ES eee F 
3a i u a Fay) 
2 
b+ at — b) \ 
g@ = atan 


Initial Guesses: 


Ay=1kN Fy =1kN 9 Fp, =1KN Fpg = 1KN 


Given 


F(a) + F3(2a) + F4(3a) + F3(4a) + Fo(Sa) + Fy(6a) — A\(6a) =0 


F (2a) + F5(a) = Ay(2a) Ae Fy + =(c = b) = 0 


Ay ~ Fy ~ F)~ F3 + Fppsin(9) - Fpy sin(¢) = 0 


Fur + For. cos(¢) + For cos( 6) =0 


Hy 
FML) ( 38.4 
Fu. 
= Find(Ay.F yr-Fpg-F pr) Ay = 36kN Fpg | =| -37.1 |kN 
PDE 
For -3.8 
FDL 


Positive (T), Negative (C) 


Problem 6-54 


Determine the force in members EF and EL of the roof truss and state if the members are in 
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tension or compression. 


Units Used: 


esl 
WA 

lI 

= 

N 

an 

Z 


f 
~ 


Solution: a 


0= aan(< — "| 
3a 


' 

| 

| 

| 

| . j ~ 

| \/ i 

anc a \ / 
os et - % 
Initial Guesses: | \ Zp PA lb 

| P y, 

| 

\ 


| 7 a 
’ J x 
A ear 2 | | La 
I, = 1kN Frp = 1 kN 7 a je 
tt. sae! ae 
Fry, = 1kN i 
Given 


—F5(a) = F3(2a) = F4(3a) = F3(4a) = F (5a) = F,(6a) + T,(6a) = 0 


-F3(a) ~ F(2a) ~ F1(3a) + 1,(3a) + Frpcos( O(c) = 0 


—F4 = Fry = 2F prsin( 6) = 0 


ly 

F 

EF —37.108 Positive (T) 
F = i = = 
EF | = Find(Iy,Fep.Fpp) 1, = 36KN Fon : Js Negative (C) 
FEL 


Problem 6-55 


Two space trusses are used to equally support the uniform sign of mass M. Determine the force 
developed in members AB, AC, and BC of truss ABCD and state if the members are in tension 
or compression. Horizontal short links support the truss at joints B and D and there is a ball-and- 
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socket joint at C. 


Given: 
a 
m a 
M = 50 kg eae 
a =0.25m : 
b=0.5m 
c=2m 
Solution: h= be - a 
—a a 0 
AB = | -c AD =| -c AC =| -c 
h h 0 
2a a 


es] 
—] 
I 
oO 
cs] 
io) 
I 
j=) 


Guesses 


Fap=1N Fap=1N Fac =1N 


Feo =1N Fpp=1N  By=1N 


Given 
0 
F ae +F sD. +F Besa + 4 = 0 
ABlaBl “Jani “Jacl "| —ug 
2 
0 
EF ZABY ia BD of sBG iy —B 0 
AB |AB| BD [BD| BC [Bc| y 
0 
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FAB 

Fap . 
y 566 

Fac 

= Find(Fag.Fap-Fac>F pc: Fpp> By) Fap | =| 584] N 

FBC ; 
Fep 

Fp 
F 

By AB 584 
Fac | =| -1133 | N 
ae =142 


Positive (T), Negative (C) 


Problem 6-56 


Determine the force in each member of the space truss and state if the members are in tension or 
compression. The truss is supported by short links at B, C, and D. 


Given: 
t 
F = 600 N | 
{ 
aqa=3m \ 
FN 
v4) 
pa Oi! % 
! 4 A i} \ 
i 4 f 
c=15m yy, i SN 
yf | / “ 
4 i} \ 
yy i} \ 
Solution: Af Metre ¥ |) \ 
ih i i \ 
b \ Wy 7 l a : Ye a 
e fj * a > — 
os yi, Lg = >» \ — | 
AB =| —c f an =~ V 
MES” ~~) 
as = , 
=e : Ref — e ¢ 
| 
0 -~ : = 
"aul , > 
AC =| c F 
—a 
—b —b 
AD =| -c CD =| —2c 
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b —2b 
CB =| -2c BD =| 0 
0 0 


Guesses 
Fpa =1N Fac =1N Foa = 1N 


Fo, =1N Fpp=1N Fpc=1N 


BEEN: CBT N. 3CeS aN 
Given 
F AB of Oe. 2% oe 0 = 0 
BA |ABl CA |ac| DA |AD| : ~ 
0 
EF PAGe ag ESL ane cass 0 |=0 
CA |Ac| DC |cp| BC [cB ~ 
Z 
F EBS BD of enBe Beg ap 
BC [cB BD [BD] BA i) e = 
Z 
FRA 
FBC 
FCA 
FDA 
Fep | = Find(Fpq.Fgc-Foa-Fpa-F pp>F pc: By: Bz) 
Foc 
By 
B, 
Fa 
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B 2 
y 1.421 x 107 14 
B, |= 150 
an 300 


FRA 
FRC 
FCA 
Fpa 
Fp 


Foc 


Chapter 6 


-175 
79.1 
—335.4 
N Positive (T), 
ae Negative (C) 

25 


79.1 


Problem 6-57 


Determine the force in each member of the space truss and state if the members are in tension 
or compression.The truss is supported by short links at A, B, and C. 


Given: 
a=4ft 
b =2 ft 


Solution: 


Guesses 


I) s 
rid ! \ \ 
wir 
|| \ 
Wf Wf 
Via \ 
Vi | \ 
yA {| ~\ 
if f \\ 
Va iH XY 
if i \. 
——————— US ‘a 
= | a." =< 
Sa Og >< 
NA , 


516 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 6 


Fpa=1lb Fpc=1lb Fpp=1)kb 
Fap=1lb Fac=1lb Fep=1)kb 
A,=1lb A,=1lb B,=1b 


y Z ; 
B, = 1b Cy = 11b C,=11b 
Given 


—-AD —-BD —-CD 
F+FAD Tap] "5D Tap] *’ © Te) =0 


0 
Big ee ser ge ei oh AS ey 
AP Tan] 4 TaBl AC Tact “| |” 
Z 


By 


i ae sob all 
BA |AB| BC [BCI BD |BD| : 


Z 
0 

Pg ee se Ce ag 
CP len) 2 jaeh PS [Be E 
Z 


= Find(Fgq.Fpc-Fgp-Fap-Fac-Fcp:Ay:Az-Bx-Bz, Cy.) 


yoo mM my Ty 
Pee rere gee sss 
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A 
y ~200 
A 
& —667 
By 0 
2 lb 
B, 667 
~300 
Cy 
0 
C, 


Problem 6-58 


The space truss is supported by a 


ball-and-socket joint at D and short 


links at C and E. Determine the 
force in each member and state if 
the members are in tension or 
compression. 


Given: 
0 
Fy = 0 lb 
—500 
0 
Fy =| 400 | Ib 
0 
a =4ft 
b = 3 ft 
c=3ft 
Solution: 


Find the external reactions 


Guesses 


Ey =11b Cy = 11b 


Desi by Death: D 


a 


Chapter 6 


ok i Positive (T) 
786 Negative (C) 
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Given 
Dy 0 0 
Dy | +| Ey | +| “y |+Fy+Fy=0 —, 
D, 0 7 
: 
0 -b 0) (Px) (—p 0 


0 (ol i (ol : 
y 
E E 
2 od 266.667 
G C 
x y —400 
C, oe C, 0 is 
gale Fin (Ey Ga GD PyP,) Bue : 
—266.667 
Dy Dy 
500 e 
D, D, } Pat zs 
“\ F 
. An 
Fy WN 7 
Now find the force in each member. oo 
At Pay 
“\A) 
F é 
—b —b 0) 0 rT 
| 
AB =| 0 AC =| -a AD =| -a AE =| -a 
0 (ol (ol 0 
0 b 0 b 
BC =| -a BE =| -a BF =| -a cD =|0]| # 
Cc 0 0 0 
0 0 —b —b ba 
CF =| 0 DE =| 0 DF =| 0 EF =] 0 
—C —C —C 0 
Guesses 


Fap=1lb Fac =1lb  Fap=1lb Fag =1)b 


Fac =11b Fpg=1lb 3 Fap=1lb Fep=1hb 


519 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 6 


For =11b Fpg=1lb Fprp=1lb Frp=1lb 


Given 


F,+F SRE os cient AD of Eh 
1 AB ae’ | AD |p| AE AE| 


|AB| AC| ds 
Ee ee ae ee ee 
2 BC [BCI BF [BE| BE |BE| AB |AB| a 


0 
EL |+F SAE iF SBE ug _EF LF ps ee 
y AE BE |BE| EF |EF| DE [DE| = 


| AE| fe, 
) 
if my f FE \ 
—BF —CF _DF _EF a ee Call J, 
BF pr] CF ce] PF [pr] EF Ter] Pte Fa = 


0 


Oe es ie ee eg 
J BC [BC| AC [ac] CD [cp] CF [CF] = 


= Find(Fap.Fac»Fap-Far-Fpc>F pe Fer--cp-Fcr:-pE-FDF>FEF) 
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FaB 
~300 
Ve) 

AC 583.095 
Fap 333.333 i 
Far BERET 

0 
EG 
500 
FRE 


FRR 
Fcp 
FCF 
PDE 
For 


Fer 


0 
—300 
—300 

0 


424.264 
—300 


Chapter 6 


Positive (T) 
Ib Negative (C) 


Problem 6-59 


The space truss is supported by 
a ball-and-socket joint at D and 


short links at C and E. Determine 


the force in each member and 


state if the members are in 
tension or compression. 


Given: 
200 
Fy, =| 300 | lb 
—500 
0 
Fy =| 400 | lb 
0 
a=4ft 
b =3 ft 
c=3ft 
Solution: 


Find the external reactions 


Guesses 


Ey =11b Cy = 11b 


DS Tib: DST 
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Given 
Dy 0 0 
Dy|+/ Fy) +| -y | +Fy+F2=0 =, 
Dp, 0 C, 
0 c 
0 —b 0 x =) 
a|xFy+] a |xFy+/0]x|]D,]+] 0 |x| ‘*y|=0 
0 Cc , Cc i; 
E E r 
y y ~33.333 
Gy Cy —666.667 
C, C, 200 r 
Pali Find(Ey,C,,C,,Dy,Dy,D,) Pale oe 
x x 
-—13 
Dy Dy —1.253 x 10 
300 
D, D, 
Fac 
May p 
Now find the force in each member. ' \ ZA An 
Fuy “Ss 
eh. Sans 
,. ioe. 
—b -b 0 0 (A) ay 
‘ ~ 
AB =| 0 AC =| -a AD =| -a AE =| -a i 
i 
0 c c 0 
0 b 0 b 
BC =| -a BE =| -a BF =| -a 
Cc 0 0 
0 0 —b 
CF =| 0 DE =| 0 DF =| 0 
—C —C —C 
Guesses 


Fag =1lb Fac =1lb Fan =1)b 
Fac =11b Fpg=1lb  Fpp=1lb 


For =1lb Fog =1lb Fpr=1)b 
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_AB_ AC AD AE 


BC B BE —AB 
F2*©BC Tac] "BF [pr] BE [pe] 8 Jap] is 


r. 
Pry 


0 


Fa ; 

—AE —BE EF —DE } i Pa 

cn eee pepe ie a pe eg FI Fy — 
oe AE TAR] E BE BE] + TER EF] TEDE [DE] = f 

0 1 i 


7 euLue —CF an eee Aas =EF’ «| 
BF [BE| CF |CE| DF [DE| EF |EF| =: 


0 


Clap —BC -AC CD .F CF 
Senne (nel acy ey ex 


= Find(Fag.F4c-Fap-Fag-Fpc-F Be-Fpr-Fcp-Fcr-FDE-F DF: FEF) 
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Chapter 6 


"AB ~300 731) 6 

FAC Gy igo ner ae 

FAD |_| 1121x1014] "CF |_| -300 Seay 
PAE =sHegey | pis 0 

ie 0 Epp |_| 424-264 

Fp 500 Fop ~300 


Problem 6-60 


Determine the force in each member of the space truss and state if the members are in tension or 
compression. The truss is supported by a ball-and-socket joints at A, B, and E. Hint: The 
support reaction at E acts along member EC. Why? 


Given: > 
—200 a=2m 
F =|} 400 |N i es 
0 =. 
c=5m x 
d=1m eA 
Solution: eeu er 
0 d “ae ae 
AC =|a+b AD =|a - 
0 e 
-c-d -C d 
BC = 0 BD =| -b CD =|} -b 
0 e e 
Guesses Fac =1N Fap =1N Fee =1N 
Fcop = 1N Fro = 1N Fpp =1N 
Given 
ay PRL eee, Ne isa ny = emcee, 
AD |AD| BD [BD| CD [cp] 
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0 
pe DOD pe Oh eh ee Or || SG 
CD fen BC [Bc| AC lac| 
=E Be 
Fac LING 
221 
F F 
AD AD 343 
F F 
BC BC 148 Positive (T) 
= Find Peas Pins Pan Panskaasek = 
Fap ( AC>Fap-FBc:>FBp-F cp EC) ine 186 Negative (C) 
~397 
Fcop EG 
~295 
Frc FEC 


Problem 6-61 


Determine the force in each member of the space truss and state if the members are in tension or 
compression. The truss is supported by ball-and-socket joints at C, D, E, and G. 


Units Used: 
kN = 10° N 
Given: 
F=3kN 
a=2m 
b=1.5m 
c=2m 
d=im 
e=l1m 
Solution: “4 
0 . 
F 
Fy = b 
2 2 
Bee) oe 
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=e 
1 
UAG = 5 a 
aq+e 0 
d 
1 
u = —a 
AE 5 5 
a +d 1) 
0 _ 
UBC — UAE 
UAB =| 9 
1 UBD = UAG 


—e 

1 
"BG ~ 2 2 2 a 
vate +c\ ¢ 


Guesses 


Fag 
Far =1kN Fag = 1kN ; Fay 
wn 
Given Puy — 
Fry (8) -“ 
F(a) - SF p¢(0) - Fppo=0 ‘: 
EO 3 Lor 2 BC BD : 
c +b a +d a +e 
Fpp(a) — 5 FBc(4) = 
a +e a +d 


Fy + Faguar t FaGuac + Fapuap = 9 


—FaBuapt Factpec + FBEYBE +t FBcUBc t+ FBp"UBp = 9 
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FaB FaB 
: 254 
ae ae 1.006 
Fac FAG 1.006 
1.8 
FRE FRE 
1.8 
FRG FBG 


Positive (T) 
Negative (C) 


Problem 6-62 


Determine the force in 
members BD, AD, and AF of 
the space truss and state if the 
members are in tension or 
compression. The truss is 
supported by short links at A, 


B, D, and F. 
Given: 
0 
F =] 250 | Ib 
—250 
a = 6ft te 
b = 6 ft 
0 = 60 deg A. : 
Solution: Saat F 
Find the external reactions iN 
h = bsin(6) / \h / \ 
Guesses = / XTH S\ F 
A= b  By= ib B.=1ih Foe a \ noe Me 
. : ‘ £ a > F “= 
Dy=1lb Fy=1lb F,=11b 3 ad ° 
Given 
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Ay 0 0 : 
F+| 0 |+| y|+]Dy|+] Fy] =o 
0 B, 0 ei 
0.5b b) (Ay) (b 0.56 : : : 
. xF+|alx| 9 |+| 0 |x y lt 0 x Dy +|a|x y|=0 
Ay ay 
0 
By By 72 
B, | B, 125 
. = Find(A,, By, B,,Dy, Fy, Fy) eo fl oaay Ib 
F y 
Vp) 
Fy Py 
125 
F rz 


0 —b ~0.5b 
AB =| -a AC =| -a AD = | —a 
0 0 h 
-0.5b a) ~b 
AE =| 0 AF =| 0 BC = | 0 ” 
h 0 0 
~0.5b 0.5b 0 
BD=| 0 CD =| 0 CF = : 
h h 0 
0 ~0.5b ~0.5b 
DE =| a DF =| a EF = | 0 4 
0 -h -h 4 
Guesses 


Fag =1lb Fac =11b Fap =1)b 
Fag =1lb Fap=11lb Fac =1)b 
Fpp =1lb Fop=1lb For =1lbb 
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Fog =11b For =1lb Fgp=1)b 


Given 
ee eae eae ee ee 
|DE| | AE| |EF| 
nF ip Op Be, HAC, cy ey 
CF |cF| CD fen BC [Bc| AC lac| 7 
0 
F _DE wf _DF of “AD op SBD 3 cay D,|=0 
DE |pE| DF |pF| AD |ap| BD [BD| CD lep| yi] 
0 
0 
FE TAB BC of PD By |_9 
AP Tap] BC Jacl" “P? Tpol "| |” 
Z 
Ay 
Hts SP a phe oO ie Ee ee Og at 
ABTaB) “CTacl 4 Jarl 4? Jap] 47 [azl | ° | 


= Find(F ag. Fac-Fap-Far-Far-Fec-Fpp-Fcp:Fcr-F DEF pF:F EF) 
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FBD 144.3 
Positive (T) 
F = 
AD Aid ly Negative (C) 
ae 722 


Problem 6-63 


Determine the force in members CF, EF, and DF of the space truss and state if the members 
are in tension or compression. The truss is supported by short links at A, B, D, and F. 


Given: 
0 
F =; 250 | |b 
—250 

a = 6 ft 

b=6ft 

0 = 60 deg 
Solution: 


Find the external reactions 


h = bsin(@) a 


Guesses 


A,=1lb B,=1lb B,=1b 


Jy 
Dy=1lb Fy=1lb F,=1Ib 
Given 
Ay 0 0 0 
F+/ 9 |4 By Dy Py =0 ae 
0 B, 0 Fy 
0.5b b Ay b 0 0.5b 0 0 0 
a |xF+lalx| 9 |+/0]}x|y]+] 0 |x| D,]+]a]x] Fy] =o 
h 0 0 0 B, h 0 0 By 
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xX e 0 

By By 72 

B, | B, 125 

‘ = Find(A,, By, B,,Dy,Fy, Fy) ee Ib 

¥ y 

7 Fy 72 
125 

F, . 


0 —b —0.5b 
AB =| -a AC =| -a AD =| -a 
0 0 h 
—0.5b —b —b 
AE = 0 AF =| 0 BC = | 0 
h 0 0 
—0.5b 0.5b 0 
BD = 0 CD =| 0 CF = : 
h h 0 
0 —0.5b —0.5b 
DE =| a DF = a EF = | 0 
0 -h —h ‘ 


Guesses 
Fap = 1 1b Fac = 1\b Fap = 1 1b 
Far = 1 1b Far = 11b Fpc = 1b 

=1lb Fcp = 


es] 
Ww 
u 
| 
| 
= 
=a 
o 
| 
I 
a 
> 


es] 
vu 
es] 
| 
an 
> 
es] 
u 
| 
I 
an 
=a 
es] 
ea] 
| 
I 
Pan 
S 


EF 


_-D = 
F*EDE Tog)’ AE Tag) | EF Ter) 


Be Ri ee 
CF CD |cp| BC [Bc| AC [ac| a 
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0 
F _DE oF _DF of SAD) ig ZBD he =e). D -0 
DE |pE| DF |pF| AD |ap| BD [BD| CD |ep| y|~ 
0 
0 
Bek TE gen On Seen Bt (ue 
AB Taal PS [pe] 2? ppl |) 2) 
B, 
A 


Beg a pe et ice 0 —-0 
|AB| |Ac| |AF| |AD| | AE| 


= Find(Fap.Fac»Fap-Far-Far-Fpc>Fep--cp-Fcr:-pE-F DF FEF) 


Por 72.2 
Positive (T) 
F =S = 

EF pene Negative (C) 


0 
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Problem 6-64 


Determine the force developed in each member of the space truss and state if the members are 
in tension or compression. The crate has weight W. 


Given: 
W = 150 lb 
a = 6ft 
b = 6 ft 
c = 6ft 


Solution: | Unit Vectors 


a 
1 2 
u = 
BD Ack: 
ho +|— 
ole 
1 
u = ——. 
AG | 2 
i a6 (2) 
2 
a 
1 2 
u = 
BC ; ; 2 b 
h° +b (3) h 


Guesses By =1lb A, =1 lb Ay =1lb 


Fap=1lb Fac =1lb Fap=1lb Fao =1lb Fp =1lb Fop=1b 
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Given 


0 


-Fcp | - Factac — Fac'sc = 9 
_w 


FaB 


By + FeRctgc + Fpptpp =0 
0 
Ay — Fap 


Ay + Factac + Fapuan = 9 


0 
xX 
Ay 
By 
FAB 
Fac = Find(A,, Ay. By.Fag-F4c-Fap-Fpc>Fpp-Fcp) 
Fap 
FBC 
Fep . 
AB 
Fcp _ 0.0 
AC =10055 
FaD 86.6 Positive (T) 
= UMM erica 
FRc 122.5 egative (C) 
86.6 
Fep 
1735 
ev eiD) 


Problem 6-65 


The space truss is used to support vertical forces at joints B, C, and D. Determine the force in 
each member and state if the members are in tension or compression. 
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Units Used: 
kN = 10° N 


Given: 


F, =6kN a = 0.75 m 


Fy9=8kN  b=1.00m 


Solution: 


Assume that the connections at A, E, 
and F are rollers 


Guesses 


Fpc =1kN For = 1 kN 


Fop =1kN_ Fap = 1KN 


For =1kN Fpg = 1kN 


Fpp =1kN Faq = 1kN 


Fpp =1kN Fag = 1KkN 


Far =1 kN 
Given 


Joint C 


Feo =0 Fcop = 9 


-F)- For = 0 


Joint D 


a 


a 

Bp el 
2 2 BD 2 2 2 
a +b a+b +c 
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! BI j 


Engineering Mechanics - Statics 


Chapter 6 


4 ee” FP 
Pa [ <; ~ 
i es y 
\ 
b 
Fp = 0 —F, — Fpa=9 
a +b 
Far = 
+ b? 


= Find(F gc .Fcr>Fcp-Fap-Fpr-Fpe>F Bp: FBa-FEF-F AE: Far) 
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0.00 
—8.00 
0.00 
0.00 
0.00 
= | —9.00 

0.00 
—6.00 
0.00 
0.00 
0.00 


Positive (T) 
Negative (C) 


Chapter 6 


Problem 6-66 


A force P is applied to the handles of the pliers. Determine the force developed on the smooth 
bolt B and the reaction that pin A exerts on its attached members. 


P 


Given: h ‘D ~ 
P = 8lb 
a = 1.25 in 
a 
b =5in ' 
c= 1.5 in G 
bi 
Solution: 
xM ,= 0; -Rpc+Pb=0 
Rp =P : 
B Cc 
Rp = 26.7 |b 
XF,, = 0; A, = 0 
DE Ay-P—Rg=0 
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Ay =P+Rp 
Ay = 34.7 1b 


Problem 6-67 


The eye hook has a positive locking latch when it supports the load because its two parts are 
pin-connected at A and they bear against one another along the smooth surface at B. Determine 
the resultant force at the pin and the normal force at B when the eye hook supports load F. 


Given: 
F = 800 lb Fy 
—+| | , 
a = 0.25 in 
b = 3 in | ) 
' b nay 
c =2in | f | | Ar =4) 
’ 7 A 
6 = 30 deg Jb UR 
e ts 
Solution: - 

\ x M,= 0; —F gc0s(90 deg — 6)(b) ARS sin(90 deg — 0)(c) +Fa=0 

Fp = ——————————— Fp = 61.9 lb 

B cos(90 deg — 6) b+ sin(90 deg — d)c 2 

hE F,= 0; -F — Fpsin(90 deg — 0) + Ay= 0 

Ay =F +Fp sin(90 deg — 0) Ay = 8541b 

+ 

— >» F,=0; A, — Fgcos(90 deg — 0) = 0 

Ay = Fgcos(90 deg — 0) Ay = 30.91b 

= fA +A, = 8541b 
Fa = Ay + Ay Fa = 854 


Problem 6-68 


Determine the force P needed to hold the block of mass F in equilibrium. 


538 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics 


Given: 
F = 20 lb 
Solution: 
Pulley B: &F,= 0; 
Pulley A: Fy = 0; 
1 
T=-—-F 
2 
2P=T 
P=5lb 


2P-T=0 
2T-F=0 
T = 101b 
P=-T 


Chapter 6 


“ 
ss 


Problem 6-69 


The link is used to hold the rod in place. Determine the required axial force on the screw at E if 
the largest force to be exerted on the rod at B, C or D is to be F,,,,. Also, find the magnitude of 


the force reaction at pin A. Assume all surfaces of contact are smooth. 


Given: 

4 
Fmax = 100 lb 
a = 100 mm a 
b = 80 mm | 
c = 50 mm 

b 
0 = 45 deg a 


f 
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Chapter 6 


Solution: A, 
Assign an initial value for R,. This will be scaled | 
at the end of the problem. a ———* 
Guesses A, = 1 Ib A,=1lb  Rp=1kb Re— 
h 
Rc = 11b Rp =1lb Re-=1lb | 
' 4 \ \ Ry, 
Gi A, + Rp - Rpcos(6) = 0 A, - Rasin(6) = 0 An \ 
Iven —Ay + E-~B COs = ly — AB sin = A \ : ‘ 
ri »/ \ >, 
Rra-Rp cos( A)(a +b+ ccos( 6)) —Rp sin(6)csin( 6) =0 
Rpcos(6) — Rp = 0 Rpsin(@) - Ro = 0 
A A 
a 3 ( 0.601 
Ay Ay | | 0,399 
Rp | = Find(A,.A .Rp.Rc.Rp) Rp 0.564 | Ib 
Rc Rc 0.399 
Rp Rp 0.399 
Now find the critical load and scale the problem 
RB 
R F max ROS Peck Reeve 
ans = = - = 
Cc scale max(ans) E scale *E E 
Rp 
2 2 
Fa = Fcale | Ay + Ay Fa = 127.9lb 


Problem 6-70 


The man of weight W, attempts to lift himself and the seat of weight W, using the rope and 
pulley system shown. Determine the force at A needed to do so, and also find his reaction on 


the seat. 
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Given: a 
W, = 150 lb 
c 
W> = 10 lb wal | 
Solution: K 
Pulley C: 


2F,=0; 3Tr-R=0 
Pulley B: 

2F,=0; 3R-P=0 
Thus, P=9T 


Man and seat: 


LF, = 0; T+P-—W,-W5=0 


10T = W,+Wo 
W,+W 
1 2 
| ee T = 16]b 
10 
P=9T P = 144lb 


Seat: 
LF, = 0; P-—N-W)=0 


N=P-W) N = 134lb 


Problem 6-71 
Determine the horizontal and vertical components of force that pins A and C exert on the frame. 
Given: 

F = 500 N 


a=0.8m d=04m 
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b=0.9m e=1.2m 


i DQ 
PY 
c=05m 0 = 45deg ie bn 
Solution: , Y i 7 za, 
BC is a two-force member | 7A 4 = ta] : 
pA (4 
Member AB : - “= “ 4 
a 
=M, = 0; sae Sk A S| ST Be 
faa Yze 
ig vate Fan =0003'N 
Be * Span ued BC , 
Thus, f2 
View “ a +e? 
= = Jf 
tS! —— Cy = 167 N Sf | Fe 
Va Ms A - se - ' 
\ fh, 
u ; 6/ yt 
x = \ 
= Fp; —— Te C= 11i N t / 
e 
LF, = 0; Wiese a: Geer ——— I ee ed Ca arrears Ay = 167 N 
Ja a +e 
xF,=0; A,—-F+F —————_ = 0 a 
ae 2 BC A, = F - Fp; ———— A,, = 389 N 
a + 3 y PG ae = e y 


Problem 6-72 


Determine the horizontal and vertical components of force that pins A and C exert on the 


frame. 
Units Used: 
kN = 10° N 
Given: 
F, =1kN 
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Fy = 500 N 
0 = 45 deg 
a=0.2m 
b =0.2 m 
c= 04m 
d = 0.4 m i a 5 [og a “Te b i { = 
B, 
Solution: 
B 
Guesses Ly - A 
A,=1N Ay=1N Sf as 
| fu \, 


= \ 


a ws \ 
CaN <2 i Z| ON 
x B hg {s 
/ 


ae a > - . 
A ty 
Given 


Ay- Cy = 0 Ay + Cy- Fy - Fy =0 ( 
Fya-Ay2a+A,d=0 Fyb+C(b+0)- Cyd =0 
A A 
ss x 500 
A A 
y 'y | | 1000 
= Find(A,, Ay, Cy, C. = 
G (Ax Ay Ceo) G 500 
500 
cy ty 


Problem 6-73 


The truck exerts the three forces shown on the girders of the bridge. Determine the reactions at 
the supports when the truck is in the position shown. The girders are connected together by a 
short vertical link DC. 


Units Used: 


kip = 10° Ib 
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i=) 
lI 
un 
> 
a 
lI 
= 
N 
> 


Ss 
ll 
= 
oO 
> 
esl 

— 
ll 
uo 
x. 
a. 
ae) 


e=2 ft 

Solution: 
u 
4 
4, 
Member CE: 
e 

> =U: — = = — 

Mo = 0; F3e + Eye +c) 0 Ey F3 ae Ey 80 1b 
2h, =0; G,-F3+Ey=0 CG, = F3-Ey Gy, = 1920 1b 
Member ABD: 
=M, = 0; F,a—Fo5(d+a) Cla + d+ b) By(a+ d) = 0 

F,a+F(d+a) 4 Cla + d+b) aaa: 
= ee eee = 10.8 ki 
y d+a y 2 
LF, = 0; Ay F,+By Fo C= 0 
Ay = Cy+F,—By+Fo Ay = 96.7 Ib 


Problem 6-74 


Determine the greatest force P that can be applied to the frame if the largest force resultant 
acting at A can have a magnitude F,,,,,. 


Units Used: 


kN = 10° N 
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Given: 
Pag KN 
a = 0.75 m 
b = 0.75 m 
c=0.5m 
d=0.1m 
Solution: 
QE Max 6 T(c +d) — P(a+b) =0 
> » F,=0; A,-T=0 
+4 F,= 0; Ay-P =0 
Thus, pees eee: (ee 
ct+d y x c+d 
Require, 


Problem 6-75 F. ' :' 
The compound beam is pin supported at | | ré a 
B and supported by rockers at A and C. D =i 


There is a hinge (pin) at D. Determine 
the reactions at the supports. 


Units Used: 
kN = 10° N 
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Given: 
F,=7kN a=4m 
Fy>=6kN b=2m 
Fy =16kN c=3m ; 
3 I PF; 
f 
6=60dege d=4m 1 oth tu a— Xp 
—)D. Doe) 
ae | , 7 4 
Solution: 
‘ B, D D t, 
Member DC: 
ZMp= 0; —Fy sin( 6)(a —c)+ Gya =0 
. a-c 
CG, = Fy sin( 6) Cy = 1.52kN 
ZF, = 0; Dy ~ F,sin(@) + Cy = 0 
Dy = Fy sin( 6) — CG Dy = 4.55kN 
SF, = 0; D, — F,cos(6) = 0 
D,, = F;cos(6) D, = 3.5kN 
Member ABD : 
=M ,= 0; -F3a- Fo(2a+b)-Di(3a+b)+By2a=0 
F3a+ Fo(2a+ b) + Dy (3a + b) 
= B,, = 23.5kN 
y 2a VY 
EF, =0; Ay F3+ By Fo Dy =0 
Ay = Dy+F3-By+Fo Ay = 3.09 kN 
XF,, = 0; B, — F,cos() = 0 
B, = F, cos(6) By = 3.5KN 


Problem 6-76 


The compound beam is fixed supported at A and supported by rockers at B and C. If there are 


hinges (pins) at D and E, determine the reactions at the supports A, B, and C. 


546 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics 


Units Used: 

kN = 10° N ; 
Given: : 
a=2m 

b=4m 

c=2m 

d=6m 

e=3m 

Solution: 

Guesses 

A, >= AN Ay =1N Ma, =1Nm 
D, =1N D,=1N By =1N 
Ey=1N Bo=iN Cy =1N 
Given 

Ay —w2a-Dy=0 


a 
Mae Mate bye = 0 


2 
(b+ c) _ 
ie sas: + Byb- E\(b +c) =0 


Chapter 6 


y Moo ay: 
Dy + Ey = 0 
= Ws ob 
-E, = 0 Vol 
VE (ceed Saimin 
}— a 
\, \ f u 
h D, 
\, 
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Chapter 6 


xX 
Ay 
Ma 
Dy 
D : Ay 0 
y _ Find(A,,A (MycD Dy By Ey EG) Ay = 19 kN 
By 
E Ma = 26kNm 
J 
Ey By = 51kN 
Gy Gy = 26kN 
Problem 6-77 
Determine the reactions at supports A and B. 
Units Used: bi 
3 
kip = 10° lb {| 
$4} byyBs 
ey ' S i 
Given: Wy ED J 
| A Sy u 
n= 500 = | eth} iv J ; 7.4 
ft 7 f 
700 = 
W> = —_ SS, sla . 
2 ft i ‘ / 
a=6ft 
b = 8 ft wy (2a Lia) (e) 


Solution: 
Guesses 


A,=1lb  Ay=1lb By=1lb By=1lb Fop=1lb My = 1 lb-ft 
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Given 
d b 
Ay MIE ee aD Ax~ 5G cp = ° 
b +d ae 
d b 
MAS EOE aay Dea ap ee 
d +b bod 
d F s +B 0 B = < : 
—-Wwo- = Ce a 
Fa aD a, ey Eas 
b' +d 
Ay 
Ay 
B, | & Fane 
3 | = Find(Ay Ay-By-By.Fep.Ma) alee, fe 
y oy 
Ba iVoesw ete. 
A = 43.2 kip- ft 
M 
A By 2.8 
= kip 
By 1.05 


Problem 6-78 


Determine the horizontal and vertical components of force at C which member ABC exerts on 


member CEF. 
Given: 
F = 300 lb 
a=4 ft a 
b = 6 ft 
c=3ft 4 
r=1ft a 
Solution: ; 
Guesses 


A,=1lb  Ay=1lb  Fy=1hb 
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Geadb, 26c= ab 


y 
Given | 


Ay 

Ay Ax 0 ‘3 

F . A xX 75 
y = Find(A,, Ay, Fy, Cy, G,) ly | =| -200 }Ib c, =) 
Cy Fy 500 

ty 


Problem 6-79 


Determine the horizontal and vertical components of force that the pins at A, B, and C exert on 
their connecting members. 


Units Used: 

4 h 
kN = 10° N fe~ 
Given: ” , 
F = 800 N g 

B 
a=1im 
r= 50 mm 
b =0.2 m 
Solution: 


—-F(a+r)+A,b=0 
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b 
a+r 
Ay = 5 Ay = 4.2kN | 
—-A,+ B, =0 
J 
By = Ay By = 4.2kN 


-Fr—Ayb+ Ayb = 0 


=Fre+ Ayb 
Ay = <a Ay = 4kN 
Ay- By-F=0 
By = Ay-F 


-A,+F+C,=0 


C, = A,-F 
Ag Gye) . 
GC, = Ay Cy = 4kN 


Problem 6-80 


Operation of exhaust and intake valves in an automobile engine consists of the cam C, push rod 
DE, rocker arm EFG which is pinned at F, and a spring and valve, V. If the spring is 
compressed a distance 6 when the valve is open as shown, determine the normal force acting on 


the cam lobe at C. Assume the cam and bearings at H, I, and J are smooth.The spring has a 
stiffness k. 


Given: 

a = 25 mm 

b = 40 mm 

Oo = 20 mm 
N 

k = 300 — 
m 
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Solution: 


Fy, = kd F,=6N 
2F, = 0; 


-Fo+F,=0 


Fo =F, FG=6N 
2M, = 0; 


Fob+Ta=0 


b 
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Problem 6-81 


Determine the force P on the cord, and the angle @ that the pulley-supporting link AB makes 
with the vertical. Neglect the mass of the pulleys and the link. The block has weight W and the 
cord is attached to the pin at B. The pulleys have radii of r, and rp. 


Given: P P 
W = 200 Ib Ss Jom 
ry = 2in Mo Je \ } 

WD wae ie ‘ 
ro = 1in 
| i p \\ 
g@ = 45 deg 
le Fy 
Solution: t 
The initial guesses are | \ 
| ? 
/ 
0 = 30 deg Fap = 30 Ib A 
Ss 
+42 F,=0; 2P-W=0 } \) 
1 
P=—W P = 100lb 
2 
Given 
+ 

—> * F,=0; Pcos(¢) — Fapsin(6) = 0 

+H F,=0; Fpgcos( 6) — P — P - Psin(¢) = 0 
0 

Bical Find(6,Fap) Fag = 2801b 0 = 14.6 deg 


Problem 6-82 


The nail cutter consists of the handle and the two cutting blades. Assuming the blades are pin 
connected at B and the surface at D is smooth, determine the normal force on the fingernail 
when a force F is applied to the handles as shown.The pin AC slides through a smooth hole at 
A and is attached to the bottom member at C. 
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Given: I 
ul au 
F =1\|b 
ees h 
a = 0.25 in pf 
b = 15 in a 
“a 
Solution: A ag 
ys 
a7 B 
Handle : Vann ; ——— 
(a 
—_ 
XMp=0; Faa-Fb=0 ( 
b . 
Fa -F (2) Fa = 6lb 
LF, = 0; Np-Fa-F=9 he =f. - fi | 
F | 
Np = Fat+F Np = 7\b | ——— 
Top blade : Se 
ZM,=0; Npb-Fy(2 a+b) =0 r? 
N>) 


Fy, = N. 2 Fy, = 5.25 1b 
NU "D 2a+b aed 


Problem 6-83 


The wall crane supports load F’. Determine the horizontal and vertical components of 
reaction at the pins A and D. Also, what is the force in the cable at the winch W? 


Units Used: kip = 10° Ib 
Given: 


F = 700 Ib 
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a = 4ft 


So 
lI 


4 ft f 


c=4ft fr ‘ } 


S 
lI 


60 deg Me 
Solution: | 
Pulley E: , 

+42 F,=0; 2T-F=0 


1 
T=-—F 
2 


T = 3501b 


This is the force in the cable at the winch W 


Member ABC: go = aan 2 


& Z M,=0; 


-F(b+0) + (Tgpsin(¥) = Tsin(6))b =0 


r(? ; “| + Tsin(6) 
Ss 


Tap = 
3 
t4E Fy= 0; 
-Ay + Tgp sin(¢) — Tsin(6) — F = 0 


Ay = Tgp sin(¢) — Tsin(6) — F 


> » F,=0; 
A= Tgp cos(¢) = T cos( 6) =0 


Ay = Tgp cos(¢) + Tcos(8) 


At D: 


! 
lan (uéhy 


Ay = 7001b 
A, = 1.878 kip 
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D, = Tgp cos(¢) D, = 1.703 kip 
Dy = Tppsin(¢) Dy = 1.703 kip 


Problem 6-84 


Determine the force that the smooth roller C exerts on beam AB. Also, what are the horizontal and 
vertical components of reaction at pin A? Neglect the weight of the frame and roller. 


Given: 
M = 60 lb-ft . 
a=3ft 
b=4 ft 
c= 0.5 ft 

Solution: 


& x M,=0; 


—> x F,= 0; 
A, = Dy Ay = 1201b 
- A, 
+4 F,=0; Ay=0 By a0 lly 
QE Mp = 0; -N,b + Dyc = 0 
c 
No = Dy= No = 15.01b 


Problem 6-85 


Determine the horizontal and vertical components of force which the pins exert on member ABC. 
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Given: 
W = 80 lb 
a = 6 ft 
b=9 ft 
c= 3 ft 
r= 0.5 ft " 
Solution: 
+ x F,= 0; 
+42 F,=0; 


\ x Mc=9; 


+ 
— 2 F,=0; 
+ 

4s Fo=0; 


Chapter 6 


-A,+W=0 O, 
A, = W A, = 801b 
ee |) 
A,-W=0 — 
y Ww ' 
Ay=W Ay = 80lb A«w—U 


Ay(a +b) - Byb = 0 


Peer a+b A 

pas ae . 

By = 133 1b 

W(c-—r) + Byb Bc =0 | | 
; | oe 

By b—- W (cr) 
a B, = 3331b 
Cc 

A, + B,-C,=0 

C, = Ay t+ By Go = 413Ib 

~Ay + By- Cy = 0 

Cy = By- Ay Cy = 53.3 1b 


Problem 6-86 


The floor beams AB and BC are stiffened using the two tie rods CD and AD. Determine the 
force along each rod when the floor beams are subjected to a uniform load w. Assume the 
three contacting members at B are smooth and the joints at A, C, and D are pins. Hint: 
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Members AD, CD, and BD are two-force members 


Units Used: kip = 10° Ib 


a = 12 ft 


Solution: 


Due to summetry: 


2 Wey wel Dar} 
C= w(2a) t) 
y 2 | 
Gy = 960 1b 
aor Wii) wher} wht) 
Member BC : 


b 
=M, = 0: Ca) - wo( 3) = nl ee 
V a’ + b? 


2 2 
a\ya +b : 
T= [c -vg}ie T = 1.248 kip 


Problem 6-87 


Determine the horizontal and vertical components of force at pins B and C. 


Given: 
F=50lb c=6ft 


a= 4ft d=1.5 ft 
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b=4 ft r= 0.5 ft 


R a ole h =a 
Solution: Guesses 

C, = 1b Cy = 1b 

B, = 1b By = 1b >~— 

Given 


Bar 1) Coc Ca +b) =0 


F(a-—r) —F(d+n) 4 Cla + b) = 0 


-B,+F+C,=0 


By —F+t Gy =0 
C, 
By 
i 
Me Find(By,By, Cy, Cy) F at ae 
xX 
cy 
B 
& 66.667 
— 
By 15.625 
= Ib 
Ge 16.667 
A 
34.375 5 
cy 
la—r) | (h—f) 
(d+yr) 
B, iP 
y 
B, , 
| 
c a 4 hi fh ; 


559 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 6 


Problem 6-88 


The skid steer loader has a mass M,, and in the position shown the center of mass is at G,. If 
there is a stone of mass M, in the bucket, with center of mass at G, determine the reactions 


of each pair of wheels A and B on the ground and the force in the hydraulic cylinder CD and 
at the pin E. There is a similar linkage on each side of the loader. 


Units Used: L. ‘ a 
3 
Mg = 10° kg 
kN = 10° N 
Given: 
M, = 1.18 Mg 
M> = 300 kg 


a=1.25m d=0.15m 


b=1.5m e=05m 


c = 0.75 m 0 = 30 deg 


Solution: Entire System: 
=M , = 0; Mygb- M,g(c-d) + Ngc=0 


M,g(c-d) —Mygb 


Np F Np = 3.37kKN (Both wheels) 
XF, = 0; Np -Mog-M,9+Na = 9 

Na = —-Np + Mog + M19 Na = 11.1kN (Both wheels) 
Upper member: 
=M, = 0; Mpg(a + b) - 2 Fepsin(d)a = 0 
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Myg(a + b) 
fie So Fp = 6.5kN 
ep 2 sin( O)a CD 
IF, = 0; Ey = Fep(cos(4)) Ey = 5607N 
SF, = 0; amas Fcpsin(6) = 0 
ao Fcpsin(0) Ey = -1766N 


Problem 6-89 


Determine the horizontal and vertical components of force at each pin. The suspended cylinder 
has a weight W. 


Given: 
W = 80 lb d= 6ft 
a=3ft e=2 ft 
b=4ft r=1ft 
c=4ft 

Solution: 

Guesses 


Xx 
By = 11b Fop = 1 1b 

E,=1 lb Ey =1lb 

Given 
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Bi, 
“Wr+Eya—E,yd=0 (uf—a) “bond J 
B, | 
4 —_— <i 
~By + 5 Fop-W=0 — 
c +d ri df | 
Fro W 
Cc 
—B,a + —==-F -nd- Wd+e-r) =0 
ye ee : 
c +d 
E, 
Alo Bock Fop-W=0 é l 
ci +d —_—#—__. 
| 
Ay i-_—>! 5 
By 
B 
vy : 
eh Find(A,, By, By, Fop, Ex, Ey) B. 
CD : 
Ex 
Ey 
d c 
Cy = Fep = C, = Fep = De==Gy. -Dp==G; 
c +d c +d 
A, 
7 160 
& 80 
By 26.667 
Cy 160 
Gy, = 106.667 Ib 
~160 
Dy 
s —106.667 
y ead 
~8.694 x 10 
Ey 
26.667 
Ey 
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Engineering Mechanics - Statics 
Problem 6-90 


The two-member frame is pin connected at C, D, and E. The cable is attached to A, passes 


over the smooth peg at B, and is attached to a load W. Determine the horizontal and vertical 
reactions at each pin. 


Given: 
a=2 ft | 
b=1ft 
c = 0.75 ft | 
W = 100 lb 
Solution: 
, l, a ae ee Say eee ! =! 
d= a + 2 b) 


Initial guesses: 


CG,=1lb C,=1lb Dy=1lb Dy=1lb E,=1lb E,=1lb 


Given 


Cye+ b+ Wd W(a+2b) =0 


E,-C,=0 
Nae 2 
j ~* 
—-Wd+C c+ Gyb =0 Sh 
d-e| SA 
| SA 
&. Sos 
i ar ~ 
"i SS 
= 3 } ——— Z > 
h 
a+2h 
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CG Cx 
133 
: C. 

‘ y 200 
D, | IDE 33 
is = Find(C,, CG) Dye Dy, BxsBy) D - 100 : 

y y 

33 
Ey Ex 
: A 200 
: y 


Problem 6-91 


Determine the horizontal and vertical components of force which the pins at A, B, and C exert 
on member ABC of the frame. 


Given: r 


eal 
ND 
Il 
w 
S 
S 
Z 


rT 
ice) 
Il 
w 
i) 
S 
Z 


g=2m 


e=a+b4+c-d 


Solution: 


Guesses 


Fpp=1N  Fpgp=1N 


564 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics 


Given 


Fig t F5(a t 


Fig-Gf(f+g) =0 


Fep 
Ve+(f+g)° 


b) + F3a A f+g) = 0 


7 | 
ge a ff, 
Lo Ih 
| 
Cye =0 a —_ F 
| | 14 
+ + S<—— EF, 
C, f+g fe = | 
2 FD 2 
e +f +g) d+(f+g) 
\ E 
e 
ean eae are "BE 
ea (Peg df +g) 
Ay F, 
x f | ” 
Cy |= Find Av C0). 6 RARE a | " D, 
saa as ind( ly? &x> Gy» BD> BE) 
Fep 
Cc D, 
FRE 
f f Ss 
+g +g 
B, = -——==— 


———_—————— F 


a BE 
Vd +(f+g)" 
EF 


B = Pa F 
aaa OY: 7 BD 2 7 B 
ef 4g) dof 2:9) 
Ay = 657 N 
By 0 
= N 
By 429 
Cy 0 
x N 
G 229 
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Engineering Mechanics - Statics Chapter 6 


Problem 6-92 


The derrick is pin-connected to the pivot at A. Determine the largest mass that can be supported 
by the derrick if the maximum force that can be sustained by the pin at A is F 


max* 


Units Used: 


kN = 10° N 


0 


60 deg 
Solution: 
AB is a two-force member. 


Require Fap = Fingy 


ae F,=0; Fapsin(@) “4 sin( 9) -W=0 


M=2 eS (a M = 5.439 < Mg 


) 


Problem 6-93 


Determine the required mass of the suspended cylinder if the tension in the chain wrapped 
around the freely turning gear is T. Also, what is the magnitude of the resultant force on pin A? 
Units Used: 
kN = 10° N 
m 
g=98 — 


2 
Ss 
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Given: 


S 
Il 
w 
i) 
a 
oO 
ga 


Solution: 


\ x M,=0; 


M= 
1 
M = 1793 — kg 
S 
—> 5 F,.=0; 2T-Mgcos(¢) ~A,=0 
A, = 2 T — Mgcos(¢) 
+z F,=0; Mgsin(¢) -Ay 
Ay = Mgsin(¢) 


ae 
F, = J Ay +Ay 


F 4 = 2.928kN 


(cos(¢) cos( 8) + sin(¢) sin(6))g 


=0 


Chapter 6 


—2 TL cos( 6) + Mgcos()L cos( 6) + Mgsin(@)L sin( 6) =0 


2 Tcos( 6) 
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Engineering Mechanics - Statics Chapter 6 
Problem 6-94 


The tongs consist of two jaws pinned to links at A, B, C, and D. Determine the horizontal and 
vertical components of force exerted on the stone of weight W at F and G in order to lift it. 


Given: 
a=1ft 
La wa r inn’ ( #) 
b = 2 fi ae ie a ~ 
eS 
eS asc $= \ OP Fan 
t SAN r 
d=1ft \ F 
W = 500 lb F , 
Solution: } 
Guesses F. Oo” 
| eel 
is <E— {+ 
F,=11b : 
y 
Fap = 11b "4 
Far = 1b 
Given 2Fy= WH 0 Fapb-F,(b+c) =0 
a d 
ya +d a +d 
F F 
* a 333 
: Fi d(F F,,Fan,F ) ‘ wx - se lb 
= TINE x3" yo" ADs” BE = =; 
Fap Gy Fy G, 333 
250 
Far Gy 


Problem 6-95 


Determine the force P on the cable if the spring is compressed a distance 6 when the mechanism 
is in the position shown. The spring has a stiffness k. 
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Given: 
5 =0.5 in c = 6in r 
h 
lb 
k = 800 — d=6in — 
ft | 
a = 24in e=4in 
b =6in 0 = 30 deg 
Solution: il 
Fr = ko FR = 33.333 |b 


The initial guesses are 


P=20lb B,=11)b 


By =34lb — Fop = 34 1b 


Given 
Py BR, 
b 
; =M ,= 0; Byb + Byc— Fp(a + b) =0 A, 
' 2M p = 0; Byd-Pe=0 u 
+ 
— > F,=0; —B, + Fcpcos( 8) =0 
F, al 
| YMp=0; Fcpsin(0)d - P(d+e) = 0 P 
Fcp — 
R, WA | ’ 
By . 
; = Find(F cp; By, By, P) cD 5 
Jy 
P 


By = 135.398 Ib By = 31.269 lb Fcp = 156.344 Ib P = 46.903 lb 
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Problem 6-96 


The scale consists of five pin-connected members. Determine the load W on the pan EG if a 
weight F' is suspended from the hook at A. 


“-b-C D 


Given: bie a 


F = 31b b=3 in 


aq=5in c=4in 


d=6in f=2in 


e = 8in 
Solution: j 
Guesses Tc = 10 lb Tp = 10 lb Tg = 10 lb W = 10 lb 
Given 


Member ABCD: xMpz = 0; 


Fa-Tcb-Tp(b+e-d) =0 


Member EG: 
2M = 0; -Tcoe+Wc=0 I 
“ 
XF,, = 0; Tg-W+Tc=0 7 
Member FH: 


=M , = 0; Tp(d+ f)+Tef=0 F e 


= Find(T¢.Tp.Tg.W) 


W = 7.06 lb H 


Problem 6-97 
The machine shown is used for forming metal plates. It consists of two toggles ABC and DEF, 
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which are operated by the hydraulic cylinder H. The toggles push the movable bar G forward, 
pressing the plate p into the cavity. If the force which the plate exerts on the head is P, 
determine the force F' in the hydraulic cylinder for the given angle @. 


Units Used: 

kN = 10° N 
Given: 

P =12kN 


a = 200 mm 


S 
lI 


30 deg 
Solution: 


Member EF: 


2M, = 0; -Fyacos(6) + =asin( 6) =0 


P 
Fy = 5 tan( 0) Fy = 3.464 KN rake ely 5 
Lo ’ 
P a 
XF,=0; E,-—=0 aa 
2 en 
i 
z | 
BFy=0; Ey—Fy=0 ; 
2 = Fry 
Ey = Fy Ey = 3.464kN ! 
Joint E: i — 
‘ 
XF,, = 0; -F pg cos(6) — Ey = 0 
Ey 
For = —~ Fpg = —6.928 kN 
cos( 8) 
2Fy=0; F~Ey+Fppsin(9) = 0 


F = Ey~Fpg sin(@) — F = 6.93kN 


Problem 6-98 


Determine the horizontal and vertical components of force at pins A and C of the two-member 
frame. 
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Given: 
wz, = 500 — 
wy = 400 — 
N 
w3 = 600 — 
aqa=3m 
b=3m 


Solution: 
(" iio (dl 
Guesses \ - 
A, =1N Ay =1N C,=1N Gy =1N 
Given 
Pare 1 a % i 1 2a 1 ne aq 0 
vr yo es MOE ne Sag te 3 7-508 37 oe. 
1 1 a 
a Oi Walt Se a ea 
A A 
7 a 1400 
A A 
‘y 250 
Ail Find(Ay, Ay, Cy, Cy) = N 
Gc y y C, 500 
1700 
Oy Cy 
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Problem 6-99 


The truck rests on the scale, which consists of a series of compound levers. If a mass M, is 
placed on the pan P and it is required that the weight is located at a distance x to balance the 
“beam” ABC, determine the mass of the truck. There are pins at all lettered points. Is it 
necessary for the truck to be symmetrically placed on the scale? Explain. 


Units Used: 
3 m hid 
Mg = 10 kg peek ay : 
S . 
Given: i ea +— 
M, = 15 kg FD =3m = — = Oa ( 
x = 0.480 m EF = 0.2 m 1 # Lt __ 
K 
a=0.2m = 
om! 
HI = 0.1m GH = 2.5m 
KJ = HI KG = GH 
\ fi ( 
Solution: {" : 
3 tf 
Member ABC : Fan, iw) 
=M p = 0; M 19x t Fapa=0 } P s 
x 2 
Fap = M,9g- Fap =72s5 N 
¢ E Dp 


Member EFD: | 


2M,=0; -FyEF + Fap(FD + BF) = 0 E 
Fo=F, \rotFF) op -115282N 
VO ee) 
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Member GHI : 
6 H, 
=M, = 0; Hy HI — Gy(GH + HI) =0 | | 
Member JKG : | 
5M, =0: (Fy - G,\(KJ + GH) —K (KJ) = 0 4 : 
h N 
K+H= KJ +KG 
y Fy = yar 
Scale Platform : J, fy 
LF, = 0; Ky + Hy = W i" 
KJ +KG 
W = F,| ——— 
Y\ HI 
WwW 
M=— M = 14.98 Mg t 
g 
N. iT 


Because KJ = HI and KG = GH it doesn't matter where the truck is on the scale. 


Problem 6-100 


By squeezing on the hand brake of the bicycle, the 
rider subjects the brake cable to a tension T If the 
caliper mechanism is pin-connected to the bicycle 
frame at B, determine the normal force each brake 
pad exerts on the rim of the wheel. Is this the 
force that stops the wheel from turning? Explain. 


Given: 
T = 50 lb 
a = 2.5 in 
b = 3 in 
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a 
Solution: } 
| B B, 
& x Mzg= 0; -Nb+Ta=0 | ee 
a — cE j= \ > 
f f —— \ 4 r 
i 
\ Lt 
a \ \. } \ 
N=T> N=41.7lb wo a 


' 


This normal force does not stop the wheel from turning. A frictional force (see Chapter 8), 
which acts along the wheel's rim stops the wheel. 


Problem 6-101 


If a force of magnitude P is applied perpendicular to the handle of the mechanism, determine 
the magnitude of force F for equilibrium. The members are pin-connected at A, B, C, and D. 


Given: 
P =6)]b 
a = 25 in 7¥: = 
b=4in 
c=5in ’ 
d=4in Mf 
e=5in 1/ Fu 
f =5in Ay 
g = 30 in 
Solution: 


QE Ma=0;  Fgcb-Pa=0 


F _ Pa 
BC 4 
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ae 5 F,=0; 
+4 F,=0; 
Ay=Fac  Ay=37.5Ib 
Qi = Mp= 0; eAy-A(b+0) +(g+b+ OF =0 
eA, +A,(b +c) 
pes p940316 
gt+b+c 


Problem 6-102 


The pillar crane is subjected to the load having a mass M. Determine the force developed in the 
tie rod AB and the horizontal and vertical reactions at the pin support C when the boom is tied 
in the position shown. 


Units Used: 
kN = 10° N 
Given: 
M = 500 kg 
a=18m 
b=2.4m 
0; = 10 deg 
A5 = 20 deg 
= 681 — 
g=9. 5 
s 
Solution: 


initial guesses: Fop = 10 kN Fap = 10 kN 
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Given i, 


—M 
—gcos( 01) - F apcos( 0>) 2.6) ——<—— 
2 Va 


—** gsin( 0,) = F apsin( >) + —— —-Mg=0 
: V a’ +b" Wu) 
F 
He. -. C, ee AB 9.7 
= Find(Fag.Fcp) = = Gre lee elleo sa kN 


F Cc 25 22 0E 
CB y ya +b es 8.65 


Problem 6-103 


The tower truss has a weight W and a center of gravity at G. The rope system is used to hoist it 
into the vertical position. If rope CB is attached to the top of the shear leg AC and a second 
rope CD is attached to the truss, determine the required tension in BC to hold the truss in the 
position shown. The base of the truss and the shear leg bears against the stake at A, which can 
be considered as a pin. Also, compute the compressive force acting along the shear leg. 


Given: 
W = 575 lb 
@ = 40 deg 
a=5ft 
b=3 ft 
c = 10 ft 
d= 4ft 
e = 8 ft 


Solution: Entire system: 2M, = 0; 
TBC cos(0)(d +e)-TRe sin( 6)a —-W(a+b) =0 


pee W(a +b) 
BC ~ cos(@)(d +e) — sin(0)a 


Tac = 7691b 
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CA is a two-force member. At C: 


e 
g= aan 5 : -) 


initial guesses: Fo, = 500 1b Tep = 300 Ib 


Given 
a 
XF = 0; ‘a + Tcpcos(¢) - TR cos( 6) =0 
a +(d+e) 
d+e . ; 
ZF, = 0; LA a Tcpsin(¢) = TRC sin( 6) = 0 
Va +(d+e) 
FCA 
= Find(Fc4,Tcp) Top = 3581b Foca = 7391b 
TcD 


Problem 6-104 


The constant moment M is applied to the crank shaft. Determine the compressive force P that is 


exerted on the piston for equilibrium as a function of @ Plot the results of P (ordinate) versus 
@ (abscissa) for 0 deg < 8 < 90 deg. 


Given: 


a=0.2 m 


b 


0.45 m 


M = 50N-m 


Solution: 
acos(6) = bsin(¢) p= sin{ cos) 


—M + Fpccos(0- ga =0 


578 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 6 


Bala M 
Bos acos(0— ?) 


Mcos(¢) 


P= Fac cos(¢) = Fea Fy 


This function goes to infinity at O= 90 deg, 
so we will only plot it to O= 80 deg. 


6 = 0,0.1..80 
y Mcos(¢(6)) 
pi pal od AO) = =. fay 
ol ) sin ¢ cos( e) ( ) acos(0 deg — 9(0)) 
1500 
= 1000 
= pla) 
i egpeiaaal 
Zz 500 
0 
0 20 a me *f 
0 
Degrees 


Problem 6-105 


Five coins are stacked in the smooth plastic 
container shown. If each coin has weight W, 
determine the normal reactions of the bottom 
coin on the container at points A and B. 


Given: 
W = 0.0235 Ib 
a=3 
b=4 
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Solution: eM 
All coins : N, an Sy 
— > ) ~ 
<Fy=0; Np = 5W Te 4 \ 
4 Py - = | —— 
N. va \, 4 N ; 
* ~ 
Bottom coin : G rT — 
f -,/ ] 
SF,=0; Na-w-M—2—_|-0 4 io 
y ? B eae 7 
a +b 
| Ni 
V ae + be 
N= (Np = W) a rm © 
N = 0.1175 1b 
LF, = 0; Na _ es 
2 2 
ya +b 
Na = 9.0705 Ib \), 


Problem 6-106 


Determine the horizontal and vertical components of force at pin B and the normal force the pin 
at C exerts on the smooth slot. Also, determine the moment and horizontal and vertical reactions 
of force at A. There is a pulley at E. 


D I: 
Given: 
F = 50 lb 
a = 4 ft 
b=3 ft 
Solution: 
Guesses 
B, = 11b 
By = 1b -— bh —+— bh —+ 
Nc = 1b 
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A,=1Ib Ay=11b Mg = 11bft 


a 
aa. 
i) 
N 
Ss 
N 
2 
io) 
5] 
I 
Oo 
+ 


Xx 
By 
Ne 
= Find(By, By, Nc, Ay,Ay,Ma) Nc = 201b 
Xx 
B 
xX 34 
. = [ )n 
Ma By) ee 
Ax 34 
- Ib 
Ay 12 
My = 3361b-ft 


Problem 6-107 


A force F is applied to the handles of the vise grip. Determine the compressive force developed 
on the smooth bolt shank A at the jaws. 
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Given: 
F=5]b b=1in 
a= 1.5 in c=3in 


d = 0.75 in e=1in 


S 
lI 


20 deg 


Solution: 


From FBD (a) 


=M,=0; F(b+c)-Feo 


d 
pee A ee 
fcr +(d+e)? 


ez +(d+ e)? 
F = F(b+ Se F = 39.693 lb 
GDS PO Sai) CD 


———F —— Foy, tan! (+) 
V eo + (d+ e)? ree —_ 
E 


Ey = 34.286 Ib 


SF,=0; Ey =Fe 


From FBD (b) 


=M,p = 0; Nasin(0)d + Na cos(O)a — E,(d+e) =0 


r =F, ( d+e ) 
a tk sin(6) d+ cos(6) a 


Ng = 36.01b 


Problem 6-108 


If a force of magnitude P is applied to the grip of the clamp, determine the compressive force 
F that the wood block exerts on the clamp. 
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Given: 

P =101b 

a=2in 

b =2in 

c = 0.5 in 

d = 0.75 in 

e=1.5in 

(i) 

Solution: 


b 
Define g= xan) o = 69.444 deg 


From FBD (a), 
\ =M,p = 0; Fcpcos(g)c - P(a t+ b +c) =0 
P(a+b+c) 
Ecpn = ———_ Fcp = 256.32 Ib 
D CD 
CP cos(¢)(o) 

t#E F,=0; Fcpsin(¢) - By = 0 

By = Fcpsin(¢) By = 2401b 
From FBD (b), 
\ =M, = 0; Byd-Fe=0 

Byd 
F=— F = 120lb 
e 
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Problem 6-109 


The hoist supports the engine of 
mass M. Determine the force in 
member DB and in the hydraulic 
cylinder H of member FB. 


Units Used: 


kN = 10° N 
Given: 


M=125kg d=1m 


a=1im e=l1m 
b=2m f=2m 
m 
c=2m g = 9.81 = by f TT 4 yi 
Ss 
Solution: 
Member GFE: 
c+d 
=M,= 0; -Fr Fs prenater = 0 
V(c+d)74(b-e)* 
al le ES De 5 
a+ 2 2 
F = M ——_——_> c+ +(b-e 
FB peed (c+ d)" +(b-—e) F 


Fpp = 1.94kN 


=F ,= 0; Fe Fe P| = 0 
V(c+ a)? +(b-e)* 
b-e | 
Ex = 9) oe 
Vv (c+d) + (b-e) Fy) a 


Member EDC: a 
artan{ a ) 


2M =0; e 
co Ec+d)- Fo a} 
V e + ria 


c+d 
Frp = Ey [ ) e +d Fp = 2.601kN 


=0 
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Problem 6-110 


The flat-bed trailer has weight W, and center of gravity at G,. It is pin-connected to the cab at 
D. The cab has a weight W, and center of gravity at G;. Determine the range of values x for the 
position of the load L of weight W; so that no axle is subjected to a force greater than Fy,,,. The 
load has a center of gravity at G,. 


Given: 
W, = 7000 lb a=4ft 
W> = 6000 Ib b = 6 ft 


W3 = 2000lb c=3ft 


Fmax = 9900 Ibd=10ft -— 
e = 12 ft pa Se Se eee 1 ; | 
Solution: . ; 
Case 1: Assume Ay = Fay ial Wy é 
A 
Guesses Ay = Ps By = Fax Gy = aaa | | 
a | 
\e 
Lea DpSPp a eS ) 
ae 3 

Given Ay + By- W- Dy = 0 | 


Woa Dyfa +b) + Bya+b+c)=0 


Dy— W,-W3+ Cy = 0 


W3x+ Wye-Dc+dte) =0 We 


OB 


y : =O 
ite = Find(By ,Cy,Dy,x) t "Cry 

y Ws 

DB, 
x la: 
Ay Siseio” 
etal 

By | =| 6.333x 10° |Ib x, = x xX, = 30.917 ft 
Cy 3.167 x 10° Since By > Fing, then this solution is no good. 


Case 2: Assume BL =F 


'y max 
Guesses Ay — Finax By = Pay Gy = Fax 
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x=1ft D, =F 


Given Ay + By Wp ~ Dy = 0 


Wa Dia+b)+Bya+b+c)=0 


Dye Wie Wa Cy = 0 


W3x+ We Dict+d+e)=0 


A 
4 Ay\ (5.25 x 10° 

C 

MO) ey = 3 zs = 

Pali Find(Ay, Cy, Dy, x] By |=] 55x102 |Ib x9 =x = Xp = 17.375 fit 
y 

: Cy) (425 x 103 


Since Ay < Fing, and Cy < Fingy then this solution is good. 


Case 3: Assume Ci, =F 


‘y max 
Guesses Ay = Pax By = Pay Cy = | geeree 
x=1ft Dy = F nay 


Given Ay + By Wp ~ Dy = 0 


Wa Dia+b)+Bya+b+c)=0 


Dy— W,-W3+ Gy = 0 


W3x+ We Dic+d+e)=0 


A 
G Ay\  { 4.962 x 10° 
B 
Y\_g - 3 = - 
elle Find(Ay, By, Dy, x] y= | as3ex10° Ib -xy= x «xg = L7B4t 
y C. 3 
: y 5.5 x 10 


Since Ay < Fing, and By < Fingy then this solution is good. 


We conclude that x3 = 1.75 ft<x< X9 = 17.375 ft 
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Problem 6-111 


Determine the force created in 
the hydraulic cylinders EF and 
AD in order to hold the shovel 
in equilibrium. The shovel load 
has a mass W and a center of 
gravity at G. All joints are pin 
connected. 


Units Used: 
Mg = 10° kg 
kN = 10° N 


Given: 


a=0.25m 6, = 30 deg 


Ss 
lI 


0.25m @5 = 10 deg 
c=15m _ 63 = 60 deg 


d=2m W=1.25Mg 


e=0.5m 
Wiki N 
Solution: 

Assembly FHG : 


>My =0; —[Wg(e)] + Fep(csin(4;)) = 0 


Fre = Wg|———,| Fppoei7skc) 
c sin( 0) 


Fagy Wy oh My 
Assembly CEFHG: 


WigiN 
xMc = 0; Fapoos( 4, + Oo)b - Wg{(a +b+ c)cos( 4) + e| = 0 


cos( 45) a+ cos( 45) b+ cos ( 45) ct+e 


ADs ed cos( 0) + 0>) b 


Fap = 158kN (C) 
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Problem 6-112 


The aircraft-hangar door opens and closes slowly by means of a motor which draws in the 
cable AB. If the door is made in two sections (bifold) and each section has a uniform weight 
W and length L, determine the force in the cable as a function of the door's position @ The 
sections are pin-connected at C and D and the bottom is attached to a roller that travels along 


the vertical track. 


B 
Solution: 
i, 0 0 w (0 
1 IM y= 0; 2W—cos| — | — 2L sin} — |N, = 0 Na = —cot| — 
m p 2 (4) (2) a ae (4) 
0 0 L (0 
\ EMe=0; TL co $) ~NqL sn( 2) Ws cos $) =0 T=W 


Problem 6-113 


A man having weight W attempts to lift himself using one of the two methods shown. 
Determine the total force he must exert on bar AB in each case and the normal reaction he 
exerts on the platform at C. Neglect the weight of the platform. 


Given: 


W = 175 lb 
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Solution: 


(a) (a) (b) 
‘ F W wr Wwe 
t#E Fy=0; 2(5 -2(Z)=0 | | 


Av B 
F=W F=175lb | | 
Man: 


¥/2 re 


Nc =W+F Nc = 3501b i Wa 


Bar: Lp 
Yl 


w 
Fas F = 87.51b 1 
Ni 
Wea wl WA 
F 
t#E Fy=0; No-w+2(2)=0 , P 
Nc =W-F Nc = 87.51b Fr FI2 
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Problem 6-114 


A man having weight W, attempts to lift himself using one of the two methods shown. 


Determine the total force he must exert on bar AB in each case and the normal reaction he 
exerts on the platform at C. The platform has weight W5. 


Given: 


W, = 175 1b W> = 30 1b 


Solution: . | 

(a) 

Bie py — 
ar 


tHE Fy= 05 2 = — (Wy + Ws) = 0 


F 


W,+W5 
F = 205lb 
Man: 
F 
+4 Fy=0;  Nc-W ,-2— =0 


No = F+W, 


Nc = 3801b 


(b) 


Bar: 


F W,+ Wo 
+42 F,=0; 2 . +2 a: =0 
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W,+ Wo Wy Ws W) © Ws | 
F = ——— =} | =| 
2 
F = 102]1b iH. 
Man: K/2 F/2 
+7kY FL =0; N WwW 2{£)=0 W 
a Vee MG Cea F720 FA 
rt 
\? ~ J 
4 ~ 
Nc = Wi —F } \ 
Ly | 
\ f\ } 
| 
Nc = 72.51b | \! 
MN 


Problem 6-115 


The piston C moves vertically between the two smooth walls. If the spring has stiffness k and 
is unstretched when 0= 0, determine the couple M that must be applied to AB to hold the 
mechanism in equilibrium. 


Given: 
lb / " 
k=15 — m 
in a ail ( 
0 = 30 de } 
B Fhe Par FE 
a f ' 
a = 8in \ \ 
h\ 
b = 12 in \ "1 
\ Fu 
Solution: 
Geometry: 


bsin( y) = asin( 8) 
y = sin sin( 2) y = 19.471 deg 
= 180des—-y-0 $= 130.529deg 
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TAC b 


sin( ¢) ~ sin( 6) "AC ~ o( 


rac = 18.242 in 


ani 


sin( 6) 


Free Body Diagram: The solution for this problem will be simplified if one realizes that 
member CB is a two force member. Since the spring stretches 


x =(a+b)-rac X = 1.758 in 
the spring force is Foy = kx Fsp = 26.371 1b 
Equations of Equilibrium: Using the method of joints 


F 
+42 Fy=0;  Fogcos(y)-Psp=0 Fp = er Fp = 27.971 Ib 
From FBD of bar AB 
+DM, = 0; Fcpsin(¢)a — M = 0 M = Fcrsin(¢)a M = 14.2 1b-ft 


Problem 6-116 
The compound shears are used to cut metal parts. Determine the vertical cutting force exerted 


on the rod R if a force F is applied at the grip G. The lobe CDE is in smooth contact with the 
head of the shear blade at E. 


Given: 
F = 20 lb e = 0.5 ft 
a = 1.4 ft f = 0.5 ft 


b=02f g=O05ft 


-_— = 


c=2 ft h = 2.5 ft 


d=0.75 ft 6 = 60 deg 


Solution: 


Member AG: 


=M,=0; F(a+b) -Fpcbsin(A) = 0 
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a+b 
b sin( 6) 


2M p= 0; Fac f-Npe=0 b Y be 
a Fx 7 By 

f ta: wit 

Np = 184.75 Ib A, f 


Fpc = F [ Fpc = 184.75 lb 


Np = Fac — 
E BC Z 
Head: 
=M,p=0; —Np(h+g) +hNp = 0 Ny 
hws | 
h+g S 
= — = es 
Np wal 5 ) Np = 2221b F | 


Problem 6-117 


The handle of the sector press is fixed to gear G, which in turn is in mesh with the sector gear 
C. Note that AB is pinned at its ends to gear C and the underside of the table EF, which is 
allowed to move vertically due to the smooth guides at E and F. If the gears exert tangential 
forces between them, determine the compressive force developed on the cylinder S when a 
vertical force F is applied to the handle of the press. 


Given: 
F=40N 
a=05m 
b =0.2 m 
c=12m 
d = 0.35 m ) 
e = 0.65m 
Solution: 
Member GD: d 


=MG= 0; —Fa+Fcogb=0 
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a 


PB =F 
CG b 


Sector gear : 


2 


EMy=0; Foc(d+e) - Fag] ———= |d=0 
ose 


2 2. 
c +d 


Table: 


Cc 
SF,=0; Fap] —=———]|-F, = 
ae. ifs 
c +d 


a 


fh 
Cc i 
Ps = Fap| > F, = 286 N i 

c +d il Fi 


Problem 6-118 


The mechanism is used to hide kitchen appliances under a cabinet by allowing the shelf to 
rotate downward. If the mixer has weight W, is centered on the shelf, and has a mass center at 
G, determine the stretch in the spring necessary to hold the shelf in the equilibrium position 
shown. There is a similar mechanism on each side of the shelf, so that each mechanism 
supports half of the load W. The springs each have stiffness k. 


Given: 
W = 10 lb a=2in 
lb 
k=4— b =4in 
in 


@ = 30 deg c=15in 


0 = 30 deg d=6in 


Solution: 


\ ©M, = 0; =o ~ aF gpcos(¢) = 0 
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Wb wr 


Frpn = ——~ Frp = 11.547 Ib 
er acos(¢) HP 


— > PFO; Shy S Fgpcos(¢) =0 


= Fgpcos(¢) F, = 101b 
—W : 
+4 is = + Fy-Fepsin(g) = 0 
h 
W F 
Fy=>+ Fgp:sin(¢) Fy = 10.7741b 
Member FBA: 


\ EM,=0;  Fy(c+d) cos(g) — F,(c + d) sin(¢) — F,sin(@+ )d = 0 
_ Fler) cos(¢) — F,(c + d) sin(¢) 


F.= 17.5lb 
a dsin(@+ 4) ‘ 
Fs 
Fy=ks, Fy = kx xXx=— X = 4,.375in 
k 
F, 
_— 
” a 


~~ 
Ss +0. +4] 


NO 


/ d 
SS cl Oi gh 
r ff ~\ SX ns 


a 
| 


~ 


i j “ ~ * A, 


Problem 6-119 


If each of the three links of the mechanism has a weight W, determine the angle @ for 
equilibrium.The spring, which always remains horizontal, is unstretched when 0= 0°. 
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Given: ' D “| 
W = 25 lb BG ( 
/ / 7 
Ib / 
k = 60 — / 
ft 
a=4ft ice Mitte I , 
b=4 ft jf 
Solution: J } 
Af aD 
Guesses @ = 30 deg 4 i \~! 
B, = 10 lb By = 10 lb 
Ww 
Cy = 10 |b Cy = 10 Ib | 
bf2 h/2 
Given — — 


= 3) sil) — cyasin(o) + Gacos(6) = 0 


b B, 
Ly 
B,+C,-Ww=0 Ca ae 


Me i ay, 4 
4 
-B,+ C,=0 4 \, 
: a). a\. a 
—Bya cos( 8) = Bya sin( 6) = w(3) sin( 6) + 2) sin(9($) cos( 6) =0 
2 2 2 
B 
x By 
B 16.583 
y B 
: 'y 12.5 
C, | = Find(B,,B,, G,, Cy, 4) Pale lb 0=33.6deg 
Cc 
y 12.5 
ty 
7 


Chapter 6 


Problem 6-120 


Determine the required force P that must be applied at the blade of the pruning shears so 
that the blade exerts a normal force F on the twig at E. 
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Given: 

F = 20 1b 
a = 0.5 in 
b=4in 

c = 0.75 in 
d = 0.75 in 
e=1lin 

Solution: 


initial guesses: 


Ay=1lb Ay=11b Dy = 10 1b 


D, = 10 lb P=201b Fog = 20 lb 


Ay(d) - A,(a) + (b+ 0)P = 0 


c 
A, —F ——. |} = 0 
xX a 5 | 
c +a 


a 
Ay + P—Fecp EBSD. = 0 
aq+c 
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Engineering Mechanics - Statics 


A 
xX 

Ax 
Ay ‘ 
es 'y 
‘ = Find(Ay, Ay,Dy,Dy,P.Fcp) Die | = 
D 
y Dy 
J F 

CB 
FCB 


Chapter 6 


13.333 
6.465 
13.333 |lb 
28.889 
16.025 


P = 2.424 |b 


Problem 6-121 


The three power lines exert the forces shown on the truss joints, which in turn are 
pin-connected to the poles AH and EG. Determine the force in the guy cable AI and the pin 


reaction at the support H. 


Units Used: 
kip = 10° Ib 

Given: 
F, = 800 lb d= 125 ft 
Fy = 800 lb e = 50 ft 
a = 40 ft f = 30 ft 
b = 20 ft g = 30 ft 
c = 20 ft 

Solution: 


AH is a two-force member. 


0= aan = g = atan( c ) 
b a+b 
B= sn 2) y 


a= 90 deg-f+y 


Guesses 
Fap = 1\b Fac = 1 1b Fy = 11b 
Foa = 1 1b Fa; = 1b 
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Given Fry 


FBC - F agcos( 6) =0 tan! (47) ~ © tan |] 
Fapsin(6) — F, = 0 

2 Fc,sin(¢) — Fp = 0 

-F aysin(a) + Fapsin(Z - 0) + Fcasin(Z - ¢) = 0 


—F aycos(a) — Fapcos(B - 6) — Feacos(Z - d) + Fy = 0 


Par 
PH 
F 
AB 1.131 

Fal 
Foa | =| 1.265 | kip z 
F 0.8 a 
BC . 


Problem 6-122 


The hydraulic crane is used to lift the 

load of weight W. Determine the force AFG 
in the hydraulic cylinder AB and the \ HA 
force in links AC and AD when the ay Ff 


load is held in the position shown. f i 7 | , j 
Units Used: / 7 ve! / — 
kip = 10° Ib yy, j | 
i fh 
Given: B ly j ' 
vy. 5) 

W = 1400 Ib .- _—— 

a=>8 ft e=A i —_—_. “t 

b=7ft y= 70 deg 
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Solution: — 


, \ 
\ Mp = 0; _- — 


Fcoasin(60 deg)c - Wa = 0 


F we F wine 
= —____. = 12.9ki 
CA sin(60 deg) c SS p 


+x F,=0; Fe,sin(60 deg) - Fapsin(y) = 0 


sin(60 deg) 


Fap= 119 kip 
sin() 


FaB=Fca 


+ 
— > F,=0; -F ,ncos(y) + Fea cos(60 deg) — Fan = 0 


Fap = —Fapcos(y) + Fa cos(60 deg) Fap = 2.39kip 


Problem 6-123 


The kinetic sculpture requires that each of the three pinned beams be in perfect balance at all 
times during its slow motion. If each member has a uniform weight density yand length L, 
determine the necessary counterweights W,, W,and W; which must be added to the ends of 


each member to keep the system in balance for any position. Neglect the size of the 


counterweights. 
Given: Oe x 
WwW, = a 
| i) 7 al A, 
lb > —— 
we ~ J 
cies te 
a Le I 
—_——_ —- ’ 
L=3ft i_— _— =e | i 
\ I a = < 


Solution: 


\ 2M,=0; Wy acos( 6) = cosa = = o =0 
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L WW a 
Wi — es Re Wi = 3 1b Lig 
¢ : “= L 
+e Fy=0; Ra -W,- YL = SS 
Ry 
\ Mp = 0; i 
L 
W>acos(¢) — yvL cos $ = } — Ra(L - a) cos(¢) =0 , h a 
= ae Lett) 
L a R 
YL 5° + Ra(L - a) ‘ ‘A 
R;, 
W> = W> = 211b " q 
e u 
Rp 


ae Page Ne ade 


Rp = Wo + Ra + YL Rp = 36lb i | La) 


= L 
\ 2M = 0; Rp(L - a) cos(¢) + nf = - o cos(¢) — W3acos() = 0 | te 


vl wl 
Rp(L - a) + ee Ki 
B PY S W 


Problem 6-124 


The three-member frame is connected at its ends using ball-and-socket joints. Determine the x, 
y, Z components of reaction at B and the tension in member ED. The force acting at D is F. 


Given: 
135 
F =; 200 | lb 
—180 
a=6ft e= 3 ft 


b=4f f=1ft 
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d=6ft g=2ft ~ 
c=g+f 
Solution: 


AC and DE are two-force members. 


Define some vectors 


es IDE 
ipE =| ->-9 | UpE = 
[DEI 
a 
ee 
-d-e ne 
rac =| —) | “AC= Frac] t 
0 AC ; 
e e+d 
rBp = | -f TBA =| —¢ 
0 0 
Guesses 
By=1lb By=1lb B,=1lb  Fpg=1lb Fag =1kb 
Given 
By 


By + For UpE + Facuac +F=0 Bp * (Foe“pE + F) a TBA * (Facuac) =0 


Z 
By 
By By —30 FP 
DE 270 
B, | = Find(B,,By,B,,Fpp,F 4c) Bele) eee ales ie as) 
= 12 AC : 
Fac 
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Problem 6-125 


The four-member "A" frame is supported at A and E by smooth collars and at G by a pin. All 
the other joints are ball-and-sockets. If the pin at G will fail when the resultant force there is 
F qx» determine the largest vertical force P that can be supported by the frame. Also, what 
are the x, y, z force components which member BD exerts on members EDC and ABC? The 
collars at A and E and the pon at G only exert force components on the frame. 


Given: 


> 
ll 
aD 
S 
3 
5 


c = 600 mm 


Solution: 
=M, = 0; 
P2c+ b- c=0 “y 
D) 3 max 
b +c 
Pp = Fmax? P = 282.843 N 
ie 
2Vb +c 
Cc 
B,+ D,- Fimax -0 
7 
b° +c 
Fmax€ 
Be Desh 


By Dy Pi DAB, 
b +c 
B _ _Fmax? _ eae: B. = 283 N D, = 283 N 
y = a y = By = ve 
2b +C 
B, =D, =0 


Problem 6-126 


The structure is subjected to the loading shown. Member AD is supported by a cable AB and a 
roller at C and fits through a smooth circular hole at D. Member ED is supported by a roller at 
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Dand a pole that fits in a smooth snug circular hole at E. Determine the x, y, z components of 
reaction at E and the tension in cable AB. 


Units Used: z 
kN = 10° N 
Given: 
0 
F= 0 kN 
—2.5 
a=05m d=03m 
b=0.4m e=08m A 
= 
c =0.3m eee 
Solution: AB = 0 
Guesses 7 
Fap = 1 kN D, = 1 kN D, = 1kN ; 
Dj = 1 kN E, = 1kN Ey = 1kN 
Mp, =1kN-m Mp, =1kN-m_ GC, =1KN ZB Pay 
Mgy =1kNm Mry = 1-kNm v D C F 
Given 
Cy Dx Mry E, 1 Mp 
My) a < 


D, Mpy Do 
Mpx 0 GC, d c+d 
0 +|b +|b F+ b F ee 
x x x a 
: ABT ABI 
—D, Ey —Mpx Mr 0 Dy 
0 + Ey =0 0 + Mry +|a|x =0 
Dip a D, 0 —Mp, 0 0 D, = Dip 
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Ey | = Find(C,,D,,D,,D,,Ey,Ey.Fap-Mpy»Mpz-Mpy-Mpy) 


Ey 0 Mrx 0.5 
= kN = kN-m F ap = 1.562 kN 
E 0 0 


Problem 6-127 


The structure is subjected to the loadings shown.Member AB is supported by a ball-and-socket 
at A and smooth collar at B. Member CD is supported by a pin at C. Determine the x, y, z 
components of reaction at A and C. 
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Given: 
a=2m M = 800 N-m 
b=1.5m F = 250 N 
c=3m 0, = 60 deg 
d=4m Op = 45 deg 
03 = 60 deg 
Solution: ‘ 
Guesses v 
By =1N By =1N 
A, =1N Ay =1N A, =1N 
C,=1N CG, =1N C,=1N 
Mpy = 1N-m Mpy = 1N-m 
Mcy = 1 Nm Mc, = 1Nm 
Given 
xX By 
ly is =0 
A, 0 
Cc By M —Mpx 
a|x By +{ 0 }+ —Mpy = 0 
0 0 
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> 
x 


as 


Sars 


Re A 


= Find(A,, Ay, Az, Cy, Cy, Cy, By, By, Mp, Mpy» Mcy Mcz) 


wy 
x 


S oy 
eS 


Ss 
g 


Problem 6-128 


Determine the resultant forces at pins B and C on member ABC of the four-member frame. 


Given: 
lb 
w = 150 — 
ft 
a=5ft 
b = 2 ft 
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c= 2 ft ~- a —s ii - 
\ 
e=4ft 
d=a+b-c HITT 111 
ice — , 3 =} | 
Ra PS 4 B ‘ 
AF 
yy 
hf 
yA 
Solution: y 4 
The initial guesses are DF E A Vd D 
_ is la 
Fop = 20lb Fag = 40 &}+}— > —+ - 


Given 


ec 


Fone?) = RE —§$——> 5 
\(d—b)* +e 


y { 
a+b Fee | 
—w(a + b) + ——————a ~ Fo (a+b) = 0 " A 
V(d—b)? +e b 
wid+h) 
Fcp Find( ep. pe) Fcp Ca 
= Find|Fcp, FBR = 
Fer Far 1531 


Problem 6-129 


The mechanism consists of identical meshed gears A and B and arms which are fixed to the 
gears. The spring attached to the ends of the arms has an unstretched length 6 and a stiffness 


k. If a torque M is applied to gear A, determine the angle @through which each arm rotates. 
The gears are each pinned to fixed supports at their centers. 
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Given: 
oO = 100 mm 
N 
k = 250 — } = 
m =) /% oa 
(J, {2 ) | 
M=6N-m ‘ ie 
ad 
roy 
r=— 
2 
a = 150 mm _4 
Solution: 
\ =M,=0; —Fr—Pacos(@)+M=0 


' M, = 0; Pacos(6) —-Fr=0 


2P acos(6) =M 


2k(2a) sin( 6)a cos( 6) =M 


2ka’ sin(26) = M 


1 M 
0 = —asin 5 
2 2ka 


6 = 16.1deg 


Problem 6-130 


Determine the force in each member of the truss and state if the members are in tension or 
compression. 


Units Used: 


kN = 1000 N 
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Solution: 


b 
0 = atan (?) 
a 


Guesses Fag =1 kN Fag = 1 kN 


Foc =1kN = Fop=1kN — Fag =1kN 


Feo =1KN Fop=1KN Fog = 1 KN 


For = 1 KN For = 1 KN Frr = 1kN 
Given 


-F ,pcos(6) + Fac = 0 

-F ,psin(6) - Fag = 0 

Foccos(@) + For — Fag = 0 

Fgcsin(0) + Fag - F, = 0 

Fac + Fop- Fgc0s(0) + Fopcos(6) = 0 
-Fecsin( 0) — Fcpsin(@) = 0 
-Fop + Fpgcos(@) = 0 


-FpRr = Fpgsin(0) = 0 


-FoRF _ Fcrcos(8) + Fer = 0 
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} 
For + Fcrsin(0) — F5 = 0 


Fie; 
-F pg.cos( 8) = Frr = 0 


F Ll ) 
» Vireo ag 
ms 
wi 7 (8) pe ; 
\ | iM s Ping 
a Fry 
Fup 
Fig, ) 
/ 
Fey pe 


= 
im 
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FaG 


FBG 


Fgc | = Find(Fag.Fgg-Foc:-For-Fap-F pc -Fcp:Fcr-FpF>F DE >F EF) 


Fcp 
FCF 
For 
PDE 
FER 
FAG 
FRG 13.13 
fee 17.50 
_ 3.13 
11.25 
FAB -21.88 
Fac | =| -13.13 |kN Positive (T) 
ae 937 Negative (C) 
ee =2 18 
12.50 
DF ~15.62 
PDE 9.37 
FEF 


Problem 6-131 


The spring has an unstretched length 6. Determine the angle @ for equilibrium if the uniform 
links each have a mass Mjjp,. 
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Given: 
Mink = 5 kg 
6 =03m 


N 
k = 400 — 


m 


a=01m 
b =0.6m 


oats 
g = 9815 


S 
Solution: 


Guesses 
0 = 10 deg 
Fap =1N 
E, =1N 
Given 


at 


2 


Mink 9 


cos( 8) - Fppbcos( 6) + Eybsin( ) =0 


Fup 
a fi 
=) Mink I —— ©08(6) + Ey 2 bsin(@) = 0 toe 
——— 
Fpp = K(2 bsin(@) = 5) MinkS 
\ \ 
| 
Fp || . 
\ 
Ey | = Find(Fgp,Ey,0) = 21.7deg 


tah 
\ ! (e=3) ’ 


0 


Problem 6-132 


The spring has an unstretched length 6. Determine the mass mj,,,, of each uniform link if the 
angle for equilibrium is @ 
Given: 


6=03m 
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0 = 20 deg 
N 

k = 400 — 
m 

a=01m 
b=0.6m 
Se 

g=4. 5 
S 

Solution: 


Guesses E,=1N_— mip = 1kg 


oe (¢" Jens @ —_— 


F,;=1N a= 
‘ 


Given 


lite sin gd 


F, = (2 bsin(0) — d)k 


Mink 9 ; e cos(@) = F,bcos(6) + Eybsin(6) =0 


-21)ink I cos( 6) + Ey2bsin( 4) =0 
Mink 
Fs | = Find(mpink»Fs»Ey) 


By 


Mink = 3-859 kg 


ae = sin( 6) 
y = 2 bsin(@) 
F, = (y- 6)(k) 
F, = 44.17 N 
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b 
Qi) Ma = 0; [Ey(2)(a +b) sin(4) - 20M) | ; (cos(6)) = 0 
Exc) sin( 6) — 2 (m) SH eos(a =i 


>E (2 sin(6)) = m(g)(cos(6)) 


y 
£. — mg(cos(4)) 
y 2 sin( 6) 
m(g)(cos(6)) a+b 
| [Mc = 0; EN ab) sia) mo) oslo — F,{bcos()) = 0 
2 sin(0) Z 
Ss aha ab) 
m = 3.859 kg 


Problem 6-133 


Determine the horizontal and vertical components of force that the pins A and B exert on the 
two-member frame. 


Given: é ~ | 
N ™a LL " 
w = 400 — | ei ———d— 
m u/ 7 24 
i™~ ff 
a=15m wre 4 
iy 
a [~sf y 
b=1m ae 
c=1m ‘ A 
i. ay 7 


F=0N ew) | 


0 = 60 deg SL . 
?; lak, = 
Solution: aes 
Guesses 
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By =i1N Gy =i1N Cy =i1N wel \ vA he aaah 


4 - 
Given YY aA A 
VW TRO" — A lan “tc/i) 
YAN 
® © asin(6) (0) ya, 
soar + Cyasin\ @) — Cyacos 0) =0 r A, 
Fce-C,c-C,b=0 Ay ~ Cy - wacos(@) =0 
-A, ~ C, + wasin(6) = 0 C,- B,-F =0 
C+ By =0 
A, 
Ay 
By i oe eee SS Ax 300.0) By 220) 
= in > > > > > = = 
B (Ax Sa lees y) A 80.4 B 220 
y 'y y 
Cy 
Cy 


Problem 6-134 


Determine the horizontal and vertical components of force that the pins A and B exert on the 
two-member frame. 


Given: ; 


N 
w = 400 — 


c=1m 
siz 
Ly ‘f i ; 
F = 500.N LA ah 
6 = 60 deg ~ Wy. : 
= “4 ak \ 
——Ee 
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Solution: f 


Guesses iy) Cc 
A, =1N A, =1N B, =1N may © 
x ‘y xX y/ 

A, Wy 
By =1N C,=1N G,=1N 4, 


Given 
gga asin(6) —C acos( 6) =0 A,-C. — wacos( 6) =0 
9 Xx ‘y y oY 
C,+B,-F=0 
Fe-Cyc-C,b=0 oe 
A, — C, + wasin(6) = 0 C,- By =0 
Ay 
Ay 
By sete seca hoe Ax 117.0) By 97.4) 
= in o) o) o) D) o) = = 
B ( Sa ee oy y) A 397.4 B 97.4 
y y Y 
Cy 
Cy 
~~ ‘ ~ 
Problem 6-135 ( él i 
[fi 
Determine the force in each member of the truss and / b/ 
indicate whether the members are in tension or /f 
compression. jj 
Units Used: / / , 
kip = 1000 Ib fy 
rh 
Given: a /} 
F,=1000lb b=8ft F, ——>g 
F,=500lb c=4ft : 
E QS 
a=4ft 
Noo —! 
A 
Solution: 
Joint B: 
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Initial Guesses: 
Given 


Fac = 100lb Fra = 150 lb 


b Cc 
=F, = 0; F,-FpRe cos{ tan *)) - Fpacos{tan{ =)) =0 
a a 
; b ; c 
=F, = 0; —Fpc sin atan| — + Fpasin atan| — Sao iy = 0 
a a 


FBC ’ } 
F = Find(F gc + F ga) ‘ Pre 
BA h 
Maa { atan(2) 
(~) ara 
F = 373]K(C atan\— “ P 
BC S73 1K(C) eink \ ~utan (+) 
Fpq = 1178.51 1b “| Fun 
BA ~ . (A) 
(By 
Joint A: 
Cc F — Ff 
<F,=0; Fy —(Fp,)sin| atan| — || = 0 AC ~ “BA 
120: Fac ~(Fpajsin{tn( £) rae 
2 
a 


Problem 6-136 


Determine the force in each 
member of the truss and state if 
the members are in tension or 


compression. 
Units Used: 

kip = 10° Ib 
Given: 

F = 1000 lb 

a = 10 ft 

b = 10 ft 
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b 
Solution: d= san >) 

a 
Guesses 


Fap = 1 1b Fag =1lb Fpc=1lb Fpg =1lb 
Fop =11lb Fop=1lb Feg=ilb Fpr=1)b 
Frog = 1b 

Given 
F apt Fac cos(6) =0 
—FagtFpc = 0 
FRG = 0 


Fop-F pc ~ Fogcos(6) =0 


For -F + Fcgsin(9) = 0 
-Fop - Fpg.os(9) =0 Fyy) : 


Fpgcos(@) - Fgg = 0 Von 1 
-For - Fpgsin(0) =0 
Fro = F ac cos(8) + Fcgcos( 8) =0 


—-FaG sin( 6) = FpG = Fegsin(8) =0 


Rep t= Find(Fap.FaG»FBc-FBG-Fcp>Fcr-FcG: FEF EG) 
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FaB 
333 
FaG 
: ~A71 
eG 333 
FBG 0 
Pep |= 667) (lb Positive (T), Negative (C) 
For 667 
471 
FcG 
~943 
F 
DE EGG, 
FRG 


Problem 6-137 


Determine the force in members AB, AD, and AC of the space truss and state if the members are 
in tension or compression. The force F is vertical. 


Units Used: 
kip = 10° Ib ry 
Pad 
Given: a | 
F = 600 lb ——| 
a=1.5 ft b 
l f 
b = 2 ft ee / 
a 
C= 8 ft Vis 
pe a 
Solution: — B 
a —a 
AB = | -c AC =| -c 
0 0 
0 
AD =| -c 
b 


Guesses Fap = 1 1b Fac = 11b Fap = 1 1b 
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0 
é 7, AB AC AD | ‘ 

iven ee re aaa] = 

ABTapl **4C Tac] **4D Tap] *| | 

FaB 

Fac | = Find(Fag,Fac-F ap) 

Fap iba — i 

Fac | =| -1.221 |kip _ Positive (T) : 

ae ATA Negative (C) * Se 
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Problem 7-1 


The column is fixed to the floor and is subjected to the loads shown. Determine the internal normal 
force, shear force, and moment at points A and B. 


Units Used: 
kN = 10°N 
Given: 
F, =6kN 
Fo =6kN 
F3 = 8 kN 


a = 150 mm 


b = 150 mm 
c = 150 mm 
Solution: 


Free body Diagram: The support reaction need not be computed in this case. 


Internal Forces: Applying equations of equillibrium to the top segment sectioned through 
point A, we have 


+ 
— XF,=0; Va=0 Va =0 
14x F,=0;  Na-F,-F2=0 Na = F, + Fo Na = 12.0kN 
F,a-F2b-Ma=0 Ma = Fia-Fob Ma = OKN-m 
\ rM,=0; 1 2 A A=F] 2 A 
Applying equations of equillibrium to the top segment sectioned through point B, we have 
+ 
— XF,=0; Vg=0 VB =0 
+4E Fy= 0; Np -F 1 -Fo-F3 =0 Np = F, + Fo+F3 Np = 20.0kN 
Abe Fy, a—Fob-F3c+Mp=0 Mp = —-Fi,a+F2b+F3c Mp = 1.20kN-m 
+2Mz = 0; 
Problem 7-2 


The axial forces act on the shaft as shown. Determine the internal normal forces at points A 
and B. 


622 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 7 


Given: 
Fy = 20 1b 
F2 = 50 1b 
F3 = 10 1b 
Solution: 
Section A: 


2F,=0; Fo-2F,;-Na=0 


Na = Fo-2 Fj 


Ng = 10.00 Ib 


Section B: 


2F,=0; Fo-2F,-Na+Np=0 


Np = -F2+2F,+ NA 


Np = 0.001b 


Problem 7-3 


The shaft is supported by smooth bearings at A and B and subjected to the torques shown. 
Determine the internal torque at points C, D, and E. 


Given: 
M, = 400 N-m 
Mp = 150 N-m 
M3 = 550 N-m 
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Solution: 


Section C: 
xM,, = 0; Tc =0 
Section D: 


xM,, = 0; Tp-M,=0 


Tp = 400.00 N-m 
Section E: 
=M,=0; M,+Mo-Tr=0 
TE = Mz, + Mo 


Tr = 550.00 N-m 


Chapter 7 


M, Wf. r 


Problem 7-4 


Three torques act on the shaft. Determine the internal torque at points A, B, C, and D. 


Given: 
M, = 300 N-m 
Mp = 400 N-m 


M3 = 200 N-m 


Solution: 
Section A: 
xM, = 0; Ta + Mz —- M2+ M3 =0 
Ta = Mj -Mo+M3 
Ta = 100.00N-m 
Section B: 


xM, = 0; Tp + M3-M2=0 


M, 
*,,% : ctw 
wi - —— 
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Tp = —M3+ Mo 


Tp = 200.00N-m 


Section C: 
xM, = 0; -Tc + M3 =0 
Tc = M3 
Tc = 200.00 N-m 
Section D: 


Problem 7-5 


The shaft is supported by a journal bearing at A and a thrust bearing at B. Determine the normal 
force, shear force, and moment at a section passing through (a) point C, which is just to the 
right of the bearing at A, and (b) point D, which is just to the left of the force F>. 


Units Used: 
kip = 10° Ib 
Given: 
Fy = 2.5 kip 
Fp = 3 kip = a a | oe 
- lb 
we] b= 12ft 


Solution: 


\ > My= 0; " on 
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b i 
Alb+0) +Fi(a+ b+ +w0e+2) +F2e=0 F 


b —— 1, 
Fy(a+b+o)4 wife °) + Foc 9 t y, 
A 5 
y b+c \\ 
Ay = 4514 1b F; 
\" 
My vt 
fs Ni; — — {) 
—> 5 F,=0; By = 0 lb + 
li, 
t#E Fy=0; Ay - Fj — wb - F2 + By = 0 
By = -Ay+F1+wb+F2 By = 1886 1b 
\ x Mc=9; Fya+Mc=0 Mc = -F,a Mc = -15.0kip- ft 
~ 
— > F,=0; Nc = 01b Nc = 0.00 1b 
sal x F,=0; F, + Ay- Vc =0 Vo = Ay- Fy Vc = 2.01 kip 
v x Mp= 0; -Mp + Byc = 0 Mp = Byc Mp = 3.77 kip- ft 
+ 
— F,=0; Np = 01b Np = 0.00 1b 
+ 5 F,=0; Vp - F2 + By = 0 Vp = F2- By Vp = 1.11 kip 
Jy ’ 
Problem 7-6 


Determine the internal normal force, shear force, and moment at point C. 


Given: 
M = 400 lb-ft M 
a \ 
= ‘ >\ 
ganas Youn _— Tat, ! ; 
b = 12 ft a. — 
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Solution: 


Beam: 


SMp=0; M-Ay(a+b) =0 - ae 
A, 


M 
Ay = Ay = 25.00 Ib 


Segment AC: : M, 


2B =O; Ay- Vc = 90 


Vco= Ay 
Vc = 25.00 Ib 


2M = 0; -Aya+Mc=0 
Mc = Aya 


Mc = 100.00 lb-ft 


Problem 7-7 


Determine the internal normal force, shear force, and moment at point C. 


Units Used: 
kN = 10° N 
Given: 
Fy = 30 kN 
F > = 50 kN 
F3 = 25 kN 
i. 
a=15m ; 
= \ 
b=3m M, ‘ 
h h 
0 = 30 deg — a 
Ni -_——— ——.. “i 
Solution: 


2F,=0; —-Nc+F3c0s(6) =0 
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Nc = F3 cos(6) 


Nc = 21.7kN 


SFy=0; Vc-F2~-F3sin(@) = 0 
Vc = Fo + F3sin(0) 
Vc = 62.50 kN 

©Mc=0; —Mc - F2b— F3sin(6)2b = 0 
Mc = -F2b — F3sin(6) 2b 


Mc = —225.00kN-m 


Problem 7-8 


Determine the normal force, shear force, and moment at a section passing through point 
C. Assume the support at A can be approximated by a pin and B as a roller. 


Units used: 


ee Meee csueogho saa 


F, =10kip a=6ft A { i 
Fo =8kip b= 12 ft a i b _ a il 
i eee Kip oc = 12 ft 
ft 
d=6 ft 
Solution: wih-+e) 


F, F; 
1 2M, = 0; -—=s ———4 } 
i i | 


b+c 
—w(b + c) F2(b+c+d)+By(b+c)+Fza=0 
b+ 
( = + Fo(b+c+d)—Fyja 
By = — By = 17.1ki 
y b+c y 2 
+ 
— 2 F,=0; Nc= 
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wiel 
+42 Fy=0;  Vo-we+ By~F2 =0 me | P: 
Vc = we- By+F2 Vc = 0.5kip . | 

Cc y 
1 XMc = 0; cw $) + Byc—Fu{e+ a) =0 L ial d 

= 

Mc = -w a + Byc — F2(c + d) Mc = 3.6kip- ft 
Problem 7-9 


The beam AB will fail if the maximum internal moment at D reaches M,,,,, or the normal force in 


member BC becomes P Determine the largest load w it can support. 


max* 
Given: 


Mmax = 800 N-m 


a=4m 
b=4m 
c=4m 
d=3m 
Solution: 


a+b 


weard(2?) ayer =0 


ab 
Mp=w oa wid) 


d 

Ay — wa + b) +| —=—— |T=0 
ae 

c +d 


2 2 
_ wia+b)y¥c +d 
2d 
Assume the maximum moment has been reached 
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Mp = Mmax 


Chapter 7 


Assume that the maximum normal force in BC has been reached 


T = Pmax 


Now choose the critical load 


Problem 7-10 


2Mp N 

Ww] = w, = 100— 
ab m 

T2d 

w2 = w2 = 225— 
(at byVce+d 

Wwe min(w7 ,w2) w = 100— 

m 


Determine the shear force and moment acting at a section passing through point C in the beam. 


Units Used: 


kip = 10° Ib 


Given: 


a=6ft 
b = 18 ft 


Solution: 


1 XIMc = 0; 


+4 E F,= 0; 


1/2 (wh) 


Ay = =wb Ay = 9kip 

Aya + : a e +M 0 
= i or an oe oy 

ea alas ae G 

we 1/2 (w) fa) (a/b) 
Mc = Aya- — | 
oe 6b 
Mc = 48kip- ft 
1 a Vv 

y 2 b Cc 
Vesa 

cee Aaaey 
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Vc = 6kip 


Problem 7-11 


Determine the internal normal force, shear force, and moment at points E and D of the 
compound beam. 


Given: 
M=200N-m cz=4m 


F = 800 N d=2m 


Solution: A D B ! =? 


Segment BC : -— al 


B 
\ _ | Vy 
= _ —— ) 
—By+ Gy =0 By = Cy i >) 


Segment EC: 


—Ng = 0 Nr = ON Ng = 0.00 

VE + Cy =0 VE = —-Cy VE = —50.00 N 

-—ME-M+Cye=0 Mp =Cye-M Mg = -100.00 N-m 
Segment DB : 


—Np = 0 Np = ON Np = 0.00 


Vp-F+By=0 Vp=F-By Vp=750.00N 


Mp-Fb+B,(b+c) =0 


Mp = -Fb+ By(b + c) Mp = —1300N-m 
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Problem 7-12 


The boom DF of the jib crane and the 
column DE have a uniform weight density 
y. If the hoist and load have weight W, 
determine the normal force, shear force, 
and moment in the crane at sections 
passing through points A, B, and C. Treat 
the boom tip, beyond the hoist, as 


weightless. 
Given: 
W = 300 lb 
= lb 
en 
a=7 ft 
b=5 ft 
c=2 ft 
d= 8 ft 
e=3ft 
Solution: 
+ 
— OF,=0; —-N4g=0 Na = Olb 
ai =Fy=0; Va-W-ye=0 


Va =Wr+ye 


e 
Ma-r<\-we=0 


2 
e 
wa=r|[£)+we 


\ =M,= 0; 


+ 
— XF,=0; —-Np=0 
*T sp, =0; VB-Wd+e)-W=0 


d+ 
2 


\ =M,= 0; Mp- xa +0, 


1 
Mp = 5 y (d +e)" +W(d +e) 


Np = Olb 


Chapter 7 


E 
vied 
Vv; 
Ny e/2 
v 
My M 
Na = 0.001b 
Vy poet vid+e) 

Va = 450 1b N, ke $4) 


Ma = 1125.00 lb-ft 


Np = 0.001b 


Vp = W(d+e)+W Vp = 850 lb 


*) wad +e =i) 


Mp = 6325.00 lb-ft 
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— %F,=0; Vc =0 Vc = Olb Vc = 0.00 lb 


oT UF = 0; Nc -(c+d+e) y-W- (b) =0 


No = W(c+d+e+b)+Ww Nc = 1200.00 Ib 
ct+td+e 
Qs EM = 0; Mc -(c+d+e)y =o -W(c+d+e) =0 
t+d+ 
Mc = (c+d+07(S2**) +Wc+d +e) Mc = 8125.00 lb-ft 


Problem 7-13 
Determine the internal normal force, shear force, and moment at point C. 
Units Used: 


kip = 10° Ib 


Given: 


a=05ft d= 8ft 


en -sScsensaeunt 


Ib / a ! 
c=3ft w = 150 — 
ft 
Solution: I 
<->. =~ 
Entire beam: d S) y j (ath) 


\—; 
d+e 


=M ,= 0; -w(a+0l 5 ) + ma +b =0 oat ———— \ 
A, (>= whlee) 


2 
d+e 
jee se T = 432kip 
2(a + b) 
M, 
XF,=0; A,-T=0 be =| 
ae Ay = 4.32 kip | vi 
\, 
XFy=0; Ay-w(d+e) =0 —_e 
Ay = w(d +e) Ay = 1.80 kip 
Segment AC: 
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2F,=0; Ay+Nc=0 Nc = —Ax Nc = —4.32 kip 
2XF,=0; Ay-—we-Vc=0 Vo = Ay-we Vc = 1.35 kip 

C C 
2M-=0; —Ayct+ w 5) +Mc=0 Mc = Ayc-w zy Mc = 4.72 kip- ft 


Problem 7-14 


Determine the normal force, shear force, and moment at a section passing through point D of 
the two-member frame. 


Units Used: 
kN = 10° N 
Given: 
wv 
w = 400 — = at 
m ~ 
a=25m —— Ms 
4 D | 
b=3m ‘Ga n sal 
c=6m 
| | c E 
Solution: | . | 
ai 2 ii 
\ 2M a We|6| + FRC) ———|c = 0 
2 3 2 2 
a+c 
1/2 (wooded) 
2 2 
a+c 
Bac = we Fgc = 2080N 4 
a 
= : F Ay = 0 
— x F,=0; BG Ax 
a +c 
Cc — 
Ay = | ——— _|Fgc A, = 1920 N Iw heya 
ase aT My, 
i—_ Pres 
A 
1 a 
+ oars a = “ 
ts B= 0; Ay eee 79 FBc = 0 A T 
atc ’ 
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1 a 
yeaa ee Ay = 400 N 
eer Foo “4 
ao+c 
+ 
— >F,=0; Np-Ay=0 Np = Ax Np = 1.920 kN 
+ F.=0: : 
ts y= 9; AS w-|b-Vp= 
ee b* Vp = 100 N 
D= Ay ra ; ID 
Qi IF=0 ie we eee 
! = 0; = — pale = = 
y DON Bie D 
1 {bb 
Mp = Ayb-— w}| — Mp = 900 Nm 
6 Cc 


Problem 7-15 


The beam has weight density y. Determine the internal normal force, shear force, and 
moment at point C. 


Units Used: 
W 
kip = 10° Ib Fe = B, 
Given: f y A 
230 — se _ 
ft r 
a= 34 ‘ 
b =7 ft 
c= 8 ft 
d = 6 ft 
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Solution: 
Cc 
0 = aan =) W = y (a+b) 


Guesses 


Nc =1lb Vc=1lb Mc =t1lbtt 


Given 


Entire beam: 
d 
Bottom Section 


Ax - Nccos( 6) + Vcsin(8) =0 


Ax 
Ay 
Ax 1.05 
Bx Nc 2.20 
7 = Find(Ay, Ay,By.Nc,Vc.Mc) | Ay | =| 2.80 | kip Plan kip 
< By 1.05 
fe Mc = 1.76kip-ft 
Mc 


Problem 7-16 


Determine the internal normal force, shear force, and moment at points C and D of the 
beam. 
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Units Used: . ~ f 
2 7 I's 
ar Wa 
Given: ) ’ ‘ " 
lb ‘ i ( ee RB ) 
wz = 60 — a = 12 ft Ty 
ft 
b = 15 ft io . “| —t— 
= 40 = 
ee AO = 10 ft it h —— - 
F = 690 lb coon b z (Wy — Wy) 
prs 12 f=5 ee 
e , [= ay F 
Solution: O= san) — Gh Sain 
—_— | ; 
‘ 
Guesses meh , we 
By = 1 |b Nc = 1 1b b ¢ hi is 
Vc =1]b Mc = 1 lb-ft - 
Np = 1 |b Vp = 1\b Ay By 
Mp = 1 lb-ft (=. (2-Aito=anten —Wy) ) 
Gi h=a > hi 
iven Bos -) 
3 
; b ag 
Byb — Fsin(@)(b + c) — wo (5) .=0 ; j 


- 


+ (m1 = w2)0{2) . ~ 


-Nc - F cos(6) = 0 


=| B 
Vo - 5 (wi - wa) (B=), . 
+ By — w2(b — a) eee 6) 


—-Np - F cos(@) =0 


b- b- b- 
—Mc — wo (b- 0 *=*) - <(w1 - w2) A=) (b- af : *) 2240 


+ By (b- a) ~ Fsin(6)(c + b—a) 
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By 
Nc 
Nc a 
ye 265 
NG —649 
Mc | = Find(By,Nc, Vc,Mc.Np. Vp. Mp) = 
Np ~265 
ND 
es 637 
VD 
Mp Mc —4,23 
Meno oye 


Chapter 7 


Problem 7-17 


Determine the normal force, shear force, and moment acting at a section passing through point C. 


Units Used: kip = 10° Ib 


Given: i. 
F, = 800 lb 
F> = 700 Ib F 
F3 = 600 lb 
0 = 30 deg 
a = 1.5 ft 
b= 1.5 ft 
c=3 ft 
d = 2 ft 
e=1ft 


Solution: 


Guesses By =11b Ay = 1 1b Ay =11b 


Nc = 1 1b Vc =11b Mc = 1 lb-ft 
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Given 
M, 
~A, + Vesin(@) + Nccos(6) = 0 he Ni 
' CF: \, 
Ay - Vocos(6) + Ncsin(6) = 0 aia ts 
1, 
Mc — Ax (a) sin( 6) — Ay (a) cos( 6) =0 
—A, + F,sin(6) — F3sin(6) = 0 
Ay + By — F2 ~ F; cos(0) ~ F3c0s(6) =0 
Fy(a+ b) — Fo(a+b+c) cos( 6) = F3cos(6)(a +b+c+d+e) cos( 6) . =0 
+ F3 sin( 6) fsin( 6) + By2(a + b + c) cos( 6) 
Ax 
A 
y 
. Ax 100 
Ps = Find(Ay, Ay, By,Nc,Vc,Mc) Ay | =| 985 |b 
G By 927 
Vo 


Mc i] on 
= Ib 
Vc 903 


Mc = 1.355 kip: ft 


Problem 7-18 
Determine the normal force, shear force, and moment acting at a section passing through point D. 


Units Used: kip = 10° Ib 


639 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 7 


Given: 
Fz = 800 lb i. 
F> = 700 lb 
F3 = 600 lb 
0 = 30 deg 
a= 1.5 ft 
b = 1.5 ft 
c=3ft 
d=2 ft 
e=1ft 


f=a+b+c-d-e 


Solution: 
Guesses By = 1 Ib A, =11]b Ay = 1b 


Np = 1 |b Vp = 1 |b Mp = 1 lb-ft 


Given 
Vpsin(@) = Npcos( 8) — F3 sin( 6) =0 


By+ Vpcos(8) + Npsin(@) —F3 cos( 8) =0 


Np Mla y Fs 
Mp - F3e + Bye 4 f) cos(@) = 0 ss rs 
SF 
Ay + By — Fp ~ F; cos(0) — F3cos(0) = 0 SS 
Ay + F1sin(6) — F3sin(6) = 0 8, 


Fy(a+ b) — Fo(a+b+c) cos( 0) — F3cos(@)(a+b+c+d+e) cos(6) ac=0 
+ F3 sin( 6) fsin( 6) + By2(a + b +c) cos( 6) 


Ax 

A 

y 

: Ax 100 

y 

F = Find(Ay, Ay, By, Np, Vp, Mp) Ay | =| 985 | Ib 
2 By 927 
Vp 


Mp Fal Ca 
= lb 
Vp —203 


Mp = 2.61 kip- ft 
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Problem 7-19 


Chapter 7 


Determine the normal force, shear force, and moment at a section passing through point C. 


Units Used: 
kN = 10°N 
Given: 
P=8kN c =0.75m 
a = 0.75m d=05m 
b = 0.75m r=01m 
Solution: 
| XM ,= 0; T(d+r)+P(a+b+c)=0 
a+b+c 
T = P | —— || T=30kN 
d+r 
+ —4 — 
—y 5 F=0: Ay = T Ay = 30kN 
t#EFy=0; Ay =P Ay = 8kN 
+ 
— 2 F,=0; -NcC-T=0 
Nc = -T Nc = -30kN 
14 Fy=0; Vc+P=0 
Vc =-P Vc = -8kN 
1} 2Mc=0; -Mc+Pc=0 
Mc =Pc Mc = 6kN-m 


Problem 7-20 


The cable will fail when subjected to a tension T,,,,,. Determine the largest vertical load P the frame 
will support and calculate the internal normal force, shear force, and moment at a section passing 


through point C for this loading. 


Units Used: 


3 


kN = 10° N 
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Given: 
Tmax = 2 kN 
a = 0.75 m 
b = 0.75 m 
c = 0.75 m 
d=05m 
r=0.1m 
Solution: 
| XM, = 0; -Tmax(r + d) + P(a4 
d+r 
P= Tmax bP an ye, tes 
a+b+c 
+ 
— >SF,=0; Tmaxy- Ax =0 
+ — = 
ts F,=0; Ay-P=0 
+ 
— SF,=0; -Nc-A,=0 
Ip 7 
x F,=0; -Vc + Ay =0 
\ YMco=0;  -Mc+Ayc=0 


c) =0 

P = 0.533 kN 
Ax = Tmax 
Ay =P 

Nc = —Ax 
Vo= Ay 
Mc = Ayc 


Chapter 7 


Ax = 2kN 

Ay = 0.533 kN 
Nc = -2kN 
Vc = 0.533 kN 


Mc = 0.400 kN-m 


Problem 7-21 


Determine the internal shear force and moment acting at point C of the beam. 


Units Used: 
kip = 10° Ib 


Given: 
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Solution: on 
F,=0; Nc=0 Nc = 0 | 
wa wa 
y 5 5 C Cc 
wa wa)(a 
2M-=0; Mc-—}|—]a+}]—]||—]|]=0 
a . [ 2 ) [ 2 ) (3) 
2 
wa . 


Problem 7-22 
Determine the internal shear force and moment acting at point D of the beam. 
Units Used: 


ae sort tll te 


a=6ft 


b=9 ft 


Solution: wu ) a 
hy 


= 


LF, = 0; 


wb a a 
F, = 0; —-w-—-||-|]-Vp=0 
y 2 (5) (3) ” 


Bit et) (5) J 


Mp = 46.00 kip: ft 
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Problem 7-23 


Chapter 7 


The shaft is supported by a journal bearing at A and a thrust bearing at B. Determine the internal 
normal force, shear force, and moment at (a) point C, which is just to the right of the bearing at 
A, and (b) point D, which is just to the left of the F, force. 


Units Used: 
kip = 10° Ib 


Given: 


F, = 2500lb a=6ft 


F> = 3000lb b= 12 ft 


F, 


aie | 
_—v | 


“ 


‘Ree 


| 


Ib 
w = 75 — c = 2ft lL NI h aes 
ft 
Solution: 
b 
XM p= 0; Ay(b + c) + Fy(a+b+c) wo(2+c}+Fac=o 
2 
1 2Fy(a+b+c)+4 we 2b) + 2F9c 
Ay =— Ay = 4514]b 
2 b+c 
LF, = 0; By = 0 |b Py wh F 
XF = 0; Ay — Fy -wb-F 9+ By, = y L- Y ee 
y y y n 4 
By = Ay + By + w+ Fo By = 1886 1b A, A. 
Segment AC : ora 4 Ke 
=M_= 0: F,a+Mc=0 
Mc = -F, a Mc = -15kip- ft 
Fy 
LF, = 0; Nc =0 Nc = 0 t hy. 
= = —> \ 
SF, =0; Shar ag= Vea 0 et Av 
; \, 
Vos Ayer Vc = 2.01 kip 
Segment BD: 
f 
2M p= 0; -Mp + By c=0 My, "ay 
Mp = Byc Mp = 3.77 kip- ft Ny, <4 ‘ eee 
LF, = 0; Np = 0 Np = 0 ! 
Lp 
LF = 0; Vp-F2+ By=0 
Vp toa By Vp = 1.11 kip 
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Problem 7-24 


The jack AB is used to straighten the bent beam DE using the arrangement shown. If the axial 
compressive force in the jack is P, determine the internal moment developed at point C of the 
top beam. Neglect the weight of the beams. 


Units Used: 
kip = 10° Ib 

Given: <i Z = 
P = 5000 Ib - 
2 i 
joi i 

Solution: 

Segment: 

\ IM = 0; Mo+ (=p = 0 


Mc = —25.00 kip- ft 


Problem 7-25 


The jack AB is used to straighten the bent 
beam DE using the arrangement shown. If 
the axial compressive force in the jack is P, 
determine the internal moment developed at 
point C of the top beam. Assume that each 
beam has a uniform weight density ». 


Units Used: 

kip = 10° Ib 
Given: 

P = 5000 lb 
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lb 
vy = 150 — 
a=2 ft 
b = 10 ft 
Solution: 


vi2viaw bp) 


Beam: 


14 Fy=0;  P-2,a+b)-2R=0 


P 
R= es) 


R = 7001b 


Segment: 


+b 
Qo Me = 0: Mc+Rb+ (a+) (22) <0 


(a+b)? 


Mc =-Rb-y 5 


Mc = -17.8kip- ft 


Problem 7-26 


Determine the normal force, shear force, and moment in the beam at sections passing through 
points D and E. Point E is just to the right of the F load. 


Units Used: 
kip = 10° Ib 
Given: Peek 
kip 
w = 1.5 — b = 6 ft 
ft 
c=4ft 
F = 3 kip r a + / - ——il | 
d=4ft 
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Solution: 
1 +b 1/2 Gwia +f) 
Qe Mp,= 0; tw(a+ (22?) — aya +o =0 Pd aad 

2 3 
1 a+b 
—w(a + b) 

deta, 2 3 

y a+b 


1 
+4 F,= 0; By + Ay~ > w(a +b) =0 


1 
By Ny Tig WA AO) 


ae. 
| Vr My 
a 


Ve Sia ee ne wee 
ay oO a+b aes 5 
QorM Bes asta SES ol Sea nee 
= 3 _ a _ — adq= 
! a o 2\a+b 3 J 
M a Pea (2)+4 Mp = 13.5kip- ft 
= (6 i a = 4 1p: 
eg So) 3 y 2 P 
+ = 
+xrF,-0; ae 
t#E Fy=0; Vp -F -By=0 
VE = —-F- By Ve = -9kip 
=M, = 0; Mg + Byc= 
ME = —Byc Mg = -24.0 kip- ft 
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Problem 7-27 


Determine the normal force, shear force, and moment at a section passing through point D of the 
two-member frame. 


Units Used: 
kN = 10° N 
Given: 
wz = 200— 
m 
w2 = 400 — } 
m 
aq=25m . 
b= 3m , = 
c=6m - — 
Solution: 
Cc 1 2c a 
1 > M,=0; —w1,c| — | — —|wo -— wz )c | — | + —=(F Zc c} = 0 
fy Emena, wid 5) ~ aba mile (S) + ela d 
a +c 
9 5 Siwy — wy) (bie) b 
Cc ra a +e wiby, 
Fac =|w1— + (w2-w1)—| ——— _ Fgc = 2600 N if {-- 
2 3 ac Whos aed J | M, 
| | 
a Cc Ay + [> No 
— > F,=0; Ay = | ——< |Fgac Ay = 2400 N V 
. ‘i 
Vare ‘ 
+PEF,=0;  Ay—wye-—( )o+| —2— |Fgc = 0 
4 y pe er el a ee 
a+c 
a 
Ay = wic+ (wo w1)c Fpc Ay = 800 N 
a+c 
+ 
— > F,=0; -A,y + Np = 0 Np = Ax Np = 2.40kN 
a 1 b 
tHE Fy= 0; Ay — wz b - —(w2 wi)| = Jb- Vo = 0 
2 
b 
Vp = Ay-w 1b =(w2 ae Vp = 50 N 
Cc 
& SMS 0-: - Ab we bl £2 (Wp swill = b|—|+Mp=0 
y ate 2 3 
2 3 
b 1 b 
Mp = Ay(b) - Ss a i Mp = 1.35kN-m 
D = Ay(b) Ae 5(we2 a2) D 
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Problem 7-28 


Determine the normal force, shear force, and moment at sections passing through points E and F. 
Member BC is pinned at B and there is a smooth slot in it at C. The pin at C is fixed to member CD. 


Units Used: 
kip = 10° Ib M 
B all * 
Given: 4 r dD 
M = 350 lb-ft 
ea ae ea f ot a ors I —— t - 
lb 
w = 80— c=2 ft 
ft 
F = 500 lb d=3 ft 
0 = 60 deg e =2 ft 3, 
a=2ft f =4 ft 
b = 1 ft g=2ft 
Solution: My V) 


v x Mz= 0; Ny + + "8, 


zi 2d ; 
—wd (22) — Fsin(0)d+ G(d +e) = 0 


2 
M, 
2 i N 
d { 
ea + Fsin(0)d { f y 
or ——————— Cy = 307.8 lb C, ' 
y d+e y 
+ 
— > F,=0; By — Fcos(@) = 0 By = Fcos(8) By = 2501b 
as 1 a 
+H Fy=0; By ~ wd ~ Fsin(6) + Cy = 0 
Bie wd+Fsin(6) —C By = 245.2 1b 
i y y 
+ 
— * F,=0; —Ng - By = 0 NE = —By Ng = —2501b 
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+4 F,= 0; VE - By = 0 VE = By Ve = 245 1b 

& > M,=0 -Mg - Byc = 0 Mg = —Byc Mp = —4901b-ft 
+ 

— > F,=0; Nr=0 Np = Olb Np = 0.001b 
14% Fy=0; —Gy— VF =0 Vp = -Cy Vr = —308 Ib 

\ > Mp= 0; C() + Mp = 0 Mp = -fG, Mp = -1.23kip-ft 


Problem 7-29 


The bolt shank is subjected to a tension F. Determine the internal normal force, shear force, 
and moment at point C. 


Given: 
F = 80 lb 
a=6in 
Solution: 


=F,=0; Nc+F=0 


Nc = -80.00 Ib % y 
oa 


LF, = 0; Vo =0 
2Mc=0; Mc+Fa=0 i 


Mc = -Fa 


Mc = —480.00 Ib- in 


Problem 7-30 


Determine the normal force, shear force, and moment acting at sections passing through points B 
and C on the curved rod. 
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Units Used: 
kip = 10° Ib 
Given: 


F, =300lb O=30deg r=2ft 


@ = 45 deg 


F> = 400 lb 


Solution: Nj 


My 
ADF, =0; F2sin(0) — F; cos(0) + Ng = 0 A 


Np = -Fo2 sin( 6) + Fy cos( 6) ii 


Np = 59.8 1b ' - 
\ pap reed Vp + F2c0s(6) + F; sin( 0) =0 
Vp = —-Fo cos( 8) -—Fy sin( 6) ee 
Vp = —496 lb ( Vp N\ 
B= F 7] (MA, ee 
M 
\ x Mpz= 0; Mp + Forsin(@) + F1(r— rcos(8)) =0 ry te 
Mp = -Fo rsin( 6) — Fy X14 = cos(@)) 
Mp = —480 lb- ft 
+ Nc M,- 
— > F,=0; Fo- Ay =0 Ay = F2 Ay = 4001b ‘e V, 


+E Fy=0; Ay-Fy,=0 Ay =Fy Ay = 3001b Ze \\ 
iyi Ug— 4, 
~ 
\ x M,=0; —-M,a + F2z2r=0 Ma, = 2Fir Ma = 12001b-ft ym 
A, 

a x F,=0; Nco+ Ay sin(¢) + Ay cos(¢) =0 

No = —Ay sin( a= car Nc = -495 1b 

a pe ae) Vc — Ax cos( @) + Aysin( $) = 

Vo = Ay cos(¢) — Ay sin( ¢) Vc = 70.7 1b 

\ x Mc=0; —Mc - Ma - Axrsin(@) + Ay(r - rcos(¢)) =0 
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Mc = -Mq- Axrsin(g) + Ayr(1 — cos(4)) Mc = -1.59kip- ft 


Problem 7-31 


The cantilevered rack is used to support each end of a smooth pipe that has total weight W. 
Determine the normal force, shear force, and moment that act in the arm at its fixed support A along 
a vertical section. 


Units Used: wa 
kip = 10° Ib e) 4 
Given: 0 Ny —{ 
Iven: O 
\. fF 
W = 300 Ib O ¢ ; Ny 
HOR 
r=6in ‘oe. 
0 = 30 deg O 
2) 
Cc) r 
Solution: lL 
rs) aw Va A 
Pipe: \K 
W a r } rau? 
142 F,= 0; Npcos(@) - = shaded 
1 WwW Nu 
Np = = Np = 173.205 Ib WV 
2 cos( 8) r+rsind 
Rack: cos 4 
+ 


—> > F,=0; —N,4 + Npsin(@) = 0 
Na = Npsin(6) Ng = 86.61b 


+4 f= 0; Va — Ngcos(@) =0 


Va = Ngcos(6) Va = 1501b 
(= — 
QE Max Mag — NB | ————— | = 0 
: cos(@) 
[= — es 
Ma = NB | ——— Mag = 1.800 kip- in 
cos( 8) 
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Problem 7-32 


Determine the normal force, shear force, and moment at a section passing through point D of the 
two-member frame. 
Units Used: 


kN = 10° 


Z 
j 


c=25m f=4 


Solution: 
\ x Mc=9; 
f 2 
—B,(c + d) + | ——=——— |Fd=0 
2 
e+f 
fdF Lath | 
By = ——_ By = 1.2kN —= >--———S f, 
e+ f* (c+) t 
verdad B, 


& x Ma= 0; wic +d) 
Sa 


-we+a( +) + By(a + b) + Bx(c + d) = 0 : 


A, 


2 
»| $22") accxs 


By = — By = 0.40kN 
y a+b y 


ty 2 F,=0; -Np-By=0 Np =-By — Np=-1.2kN 


+42 F,=0; Vp + By =0 Vp =-By  Vp=-04kN CQ 
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Qo Mp= 0; -Mp+Byb=0 Mp=Byb Mp=06kN-m ‘e 4 


Problem 7-33 


Determine the internal normal force, shear force, and moment acting at point A of the smooth 


hook. 
Given: 
F 
0 = 45 deg 
a=2in 
F = 20 lb 
Solution: 


=F, = 0; Na — Fcos(6) = 0 


NA = F cos(@) Na = 14.11b 


=F, = 0; Va — Fsin(0) = 0 


Va = Fsin(8) Va = 14.11b 


Ma = Naa Ma = 28.3 |b- in 


Problem 7-34 


Determine the internal normal force, shear force, and moment acting at points B and C on the 
curved rod. 


654 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics 


Chapter 7 


Units Used: 
kip = 10° Ib 
Given: 
F = 500 lb 02 = 30 deg 
r= 2 ft fie ts 
0; = 45 deg a 
Solution: 
/ ~ 7% 
_ Fb sin( 02) = _ Fa cos( 62) + Np = 0 | Pr ~ 
a+b a+b 
Fle Fib) 
(a)cos( 42) —b sin( 02) = a 2 : 
= | — Np = 59.81b Va-=h- Wa-+h 
2 2 
a+b 
Fb Fa 
XF y= 0; Vp t+] —~ §|cos| 69) + | ———— |sin( 2) = 0 
B 2 2 ( 2) 2 2 ( 2) 
a+b a+b 
bcos( 02) + (a)sin( 42) 
VB = -F | ——— Vp = —496 lb 
2 2 
ya +b 
Fb a 
x~Mp=0; Mp+})— )rsin( 62) + F} ——— |(r- rcos|6>)) = 0 
pO; Mp+(—22—\rsin(ay) + rf —2— \(r— reos( 0) 
a+b a+b 
—b sin( 2) -at (a)cos( A>) 
Mp=Fr Mp = —480 lb- ft 
2 
a+b 
Also, a 
Fb z if LW 
“FPF, = 0; -A =0 Fip) I/ ir \ 
x xt 5 5 a =) taps 
at b \ au + hh | 
Ml = 
b Fivi\ A 
A, =F ) Ax = 400.00 Ib —= | 
2. 2 Var+h 
a+b 
F 
BFy=0;  Ay- Sh 
2 2 
a+b 
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. (. M 
Ay = F| ——— Ay = 300.00 Ib Y 
V a + b? era 
=M,=0; —M,at a at ot. VES \ 
V a’ + be 
ty My 
Ma = eens Mg = 1200|b-ft 
2 2 
ya+b 
SF,=0; Nc + Aysin(01) + Aycos( 07) = 0 
Nc = —Ax sin( 01) — Ay cos( 07) Nc = —495 1b 
LF, = 0; Vo- Axcos( 7) + Aysin( 07) =0 
Vco= Axcos( 01) = Aysin( 07) Vc = 70.7 lb 
=Mc= 0; Mc - Ma + Ay(r rcos(6;)) = Axrsin( 01) =0 
Mc = -—Ma+t+ Ay(r = rcos(6)) - Axrsin( 61) Mc = -1.59kip- ft 


Problem 7-35 


Determine the ratio a/b for which the shear force will be zero at the midpoint C of the beam. 


=m 
Solution: 
Find A,: \ =M, = 0; ~ ti 4 h/2 — di 
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| 
oO 


1 1 
=(2a+b =—(b- — Ayb = 
2! = ) wf 34 a| y > (24+) w 


iW 
Stic) ail 5 
7 / 


bi bias 
Ay = — (2a + b)(b -a) =a il 


This problem requires Vc = 0. 


Summing forces vertically for the section, we have 


+4E F,= 0; 


ak BED s(a+4 
ae Os) aed cs 


“ (a+b)(b=@ =— Cae b 
“(2a + b)(b~ a) = “(2a + b) 


4(b-—a) = 3b 

b = 4a 

Pare A,= a (2a+b\b—a 
bf 


Problem 7-36 


The semicircular arch is subjected to a uniform distributed load along its axis of wy per unit length. 


Determine the internal normal force, shear force, and moment in the arch at angle @. 


— WH 


Given: 
Ma 
0 = 45 deg / ge aN 


| | 7 
Solution: rP) 


Resultants of distributed load: 
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0 
Fae= | wor ddsin(6) = rwo(t ~cos( 9) 
0 
Fry = rwo(1 = cos(6)) 
7 
Fry = | wor d6cos(@) = rwo sin( 6) 
0 
Fry = rwo(sin(6)) 


6 
MpRo = | wor dOr = r°wo0 
0 


Ms F,=0; -V + Frxcos(6) - Frysin(@) = 0 

V= [rwo(1 7 cos(6))|cos(8) = [rwo(sin())]sin( 9) 
V=wo rXcos( 6) = 1) 
a= cos( 6) ae! 
a = —0.293 V =arwo 

Nx B=; N + Frycos(@) + Frxsin( 6) =0 
N= {rwo(1 - cos(4))] sin( 6) - [ rwo(sin())]cos( 4) 
N =-wo rsin(0) 
b= ~sin( 6) 
b = -0.707 N=worb 


G =M, = 0; —M+ rwol(0) + brwor =0 


M = wor'(6+ b) 
c=60+b 


c = 0.0783 M= cr’wo 
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Problem 7-37 


The semicircular arch is subjected to a uniform distributed load along its axis of wy per unit length. 
Determine the internal normal force, shear force, and moment in the arch at angle 0. 


a— + W 


Given: << 
6 = 120 deg i, 


Solution: ul 


Resultants of distributed load: 


0 
Fry = | wor désin(@) = rwo(1 = cos(6)) 
0 


Fry = rwo(1 7 cos( 8) 


0 
FRy = | wor d6cos(@) =rwo sin( 6) 
0 


Fry = rwo(sin(6)) 


Fy, 
MRo = | wor dér = wo } SA \ 
0 hes , ’ 
Ke “i 
ay k 
Ms F,=0; —-V+ Fx cos( 6) = Frysin(0) =0 M, 


V= [rwo(t = cos(6)) |cos( 4) = [rwo(sin(9))]}sin( 4) 


V=wo r(cos( 8) - 1) 


a= cos( 6) =I 
a = —1.500 V =arwog 
\ 2 F,=0; N + Fpycos(6) + Frxsin(@) = 0 


N= rwo(a 7 cos( 6) sin( 6) - [rwo(sin(9)) |cos( 9) 
N =-wog rsin(@) 
b= ~sin( 6) 
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b = —0.866 N=wo-r-b 
\ x M,= 0; —M + r°wo(8) + brwor =0 

M=wor(0+b) 

c= 6+b 


c = 1.2284 M= cr’wo 


Problem 7-38 


Determine the x, y, z components of internal loading at a section passing through point C in the pipe 
assembly. Neglect the weight of the pipe. 


Units Used: Z 
kip = 10° Ib 
Given: ; 
0 2 
Fy =| 350 | Ib 
—400 
150 ~} 
Fp = 0 Ib 
—300 
a = 1.5 ft b = 2 ft 
Solution: 


—150.00 
Fc = -F, - Fo Fc =} —350.00 | lb 
700.00 
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1400.00 
Mc = -1y x Fy-—1r2xF2 Mec=} —1200.00 | lb-ft 
—750.00 


Problem 7-39 


Determine the x, y, z components of internal loading at a section passing through point C in the pipe 
assembly. Neglect the weight of the pipe. 


Units Used: Z 
kip = 10° Ib 
Given: 
—80 
Fy =| 200 | lb 
~300 : 
~~ 
<5 
250 ; 
Fy =} —150 | lb 
—200 
a = 1.5 ft b = 2 ft 
Solution: Fe 


Cc 0 M, | Fi 
ry =|b r2 =| 5b b 
0 0 “9 


t 


I y 
—170.00 


Fc = -F, - F2 Fc =} —50.00 |lb 
500.00 
1000.00 

Mc = -1yx Fy-—1r2xF2 Mec =} —900.00 | lb-ft 
—260.00 


Problem 7-40 


Determine the x, y, z components of internal loading in the rod at point D. 
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Units Used: 
kN = 10° N 
Given: 
M =3 kN-m 
7 
F =| -12 | kN 
—5 
a = 0.75 m = 
b=0.2m : 
c =0.2m 
d=06m 
e=im 
Solution: 
Guesses 


CLS “GSN: Be 


B,=1N Ay=1N A,= 


Given 
0 ey a - - 
4 

Ay |+|] 0 |4 Cy |+F=0 

A; B; 0 fiz 
-e 0 0 By 0 Cy 0 0 

b+c+d|x| Ay]+|]b+c|x|] 0 |+}0]x Cy|+]b+c+d|xF+) 0 |=0 
0 Az 0 B, a 0 0 —M 
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A A 
‘ y 53.60 
Aa Ay 87.00 
- Find(Ay, Az, By, Bz, Cx, Cy) i aaa (eC 
= im > oy > oy ey = 
B, pies ene eee B, —82.00 
Ge Ge ~116.00 
65.60 
Cy or 
Guesses 
Vpz = 1N Mpx =1Nm (Wy), 


(My)), 
Given 
Cy Vpx ~ 
Cy + NpDy =0 
0 Vpz 
0 Cy Mpx 0 
—b |x| C,} +} Mpy|+} 9 |=0 
a 0 Mp, —M 
Vpx 
VDx 116.00 
Vpz 
- = Find(Vpx, Npy. Vpz» Mpx,Mpy.Mpz) Npy | =| -65.60 |kN 
Dx 
Va 0.00 
Mp, MpDx 49.20 
Mpy | =| 87.00 |kN-m 
Mp, 26.20 
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Problem 7-41 


Determine the x, y, z components of internal loading in the rod at point E. 


Units Used: 
kN = 10° N 
Given: } 
M =3 kN-m 
ad 
7 
5 
a = 0.75 m be’ > 
a I. ¢ 
b=04m 
x _ } 
Biss 
d=05m 
e=05m 
Solution: 
Guesses 


Gain ‘Csi N) By. =iN 


Given 

0 By Cy 

Ay|+| 0 |+|C,|+F=0 

A; B, 0 

-d—e 0 0 By 0 Cy 0 0 
b+c |x| Ay|+)byx}| 0 |+]0)x] CG, |+)b+c|xF+] 0 |=0 
0 Az 0 B, a 0 0 —M 
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A A 
y y 53.60 
Ay Ay 87.00 
és Find(Ay, Az, By, Bz, Cy, Cy) . ee IN 
= im > a 9 ° +) = 
B, pies ene eee B, —82.00 
Cy Cy —116.00 
65.60 
Cy Cy 
Guesses 


Given 


0 A; Mrz 

NEx 

. NEx 0.00 

Ez 

= Find(Ngx. Vey. VEz-MEx.Mzy.MEz) Vey | =| 53.60 |kN 

Mex 
ae ~87.00 

Mrz MEx 0.00 
Mgy | =| -43.50 |kN-m 
Mg, ~26.80 


Problem 7-42 


Draw the shear and moment diagrams for the shaft in terms of the parameters shown; There is 
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a thrust bearing at A anda journal bearing at B. 


Units Used: P 
kN = 10° N 
Given: = 
—_—_—_—_— eS... 
P= 9KN ie : 
a=2m - a - 
\. I - 
L=6m 
p 
Solution: He | 
L-a =] 
P(L- a) - AyL =0 Ay =P —_ 
Vy 
tf. —4 
xz = 0,0.0la..a A, B 
Ay 
Ay — V7(x) = 0 V1(xX) = — 
ry — V1) HE es ' 
me | 
Ch 
mO-47-0 ——e ‘a 
xX) — Ayx = x) = 
x9 = a,1.01a..L 
Ay — P P 
Ay — P — V2(x) =0 Vo(xX) = | 1 
ve 
M _ a sths ————— \ 
2(x) — Ayx+ P(x-a) =0 { ' 
= 
Ayx — P(x— a) A 
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10 


Force (kN) 


X1,X2 


Distance (m) 


X1,X2 


Distance (m) 


Problem 7-43 P Pp 


Draw the shear and moment diagrams 
for the beam in terms of the parameters 


h ; f 
shown 2 && — 
Given: 
r a a - a + 
P= 8001b° aS Sab | LS 12 Le I a 
Solution: 
¥ \ 
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xz = 0,0.0la..a x2 = a,1.0la..L—a x3 = L-a,101(L-a)..L 
P 
Vi(x) = — —P 
tO) or Vo(x) = 0 Va(x) = — 
Ib 
M(x) Px M(x) Pa M(x) PCL — x) 
xXx) = x) = — x) = ——— 
Ib-ft 2 Ib-ft 2 Ib-ft 
1000 
500 
= Vi(x1) 
2 
@ ¥Ax2) 9 
Fe Va(x3) 
—500 
—1000 
0 2 4 6 8 10 12 
X17 XD X3 
ft’ ft’ ft 


Distance (ft) 


Distance (ft) 


Problem 7-44 


Draw the shear and moment diagrams for the beam (a) in terms of the parameters 
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Chapter 7 
shown; (b) set Mz, and L as given. 


Given: 


Mo = 500 N-m 


C=8m 
Solution: Le Lj/3—+ L/3 ——— J) /F—s 
L 
For 0<x<— 
3 
: VV My Mi) 
+42 F,= 0; Vi= 0 Ss"! 
yore. | i—tc = } 
4 — 
| 2M, = 0; M;=0 | (] 
LM, L ol oe “ 
——.f - M J L L 
tl > 7 3 7 
L 2L “| 
For —<x< — 
3 3 lad + 
+4> F,=0; V> =0 \ 
t x M, | — \ 
es 
| 2M, = 0; Mo = Mo 
i} 
2L 
For —<x<L 
3 
+42 F,= 0; V3 =0 
| XM, = 0; M3 = 0 
(b) james oF The OT 
xz = 0,0.01L..— x2 = —,—1.01..— x3 = —,—1.01.. 
7 = 0,0.01L 9 1.01 3 1.01..L 
3.3 3 3 
V1 (x1) =0 V2(x2) =0 V3(x3) =0 
Mj (xz) =0 Mo(x2) = Mo M3(x3) =0 
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Shear force in N 


4 5 6 7 8 9 


oO 
— 
N 
w 


X1,X2,X3 


Distance in m 


600 


Moment in N -m 
ice) 
ess 
~< 
Yo 
nf 
oO 
oO 


4 5 6 7 8 9 


oO 
_ 
N 
w 


X1,%2,X3 


Distance in m 


Problem 7-45 


The beam will fail when the maximum shear force is V,,,, or the maximum bending moment is Mingy. 
Determine the magnitude Mj of the largest couple moments it will support. 
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Units Used: 
kN = 10°N M, M 
Given: 
L=9m 
Vmax = 5 kN le L/3 ake [L/3 ake L/3 a 


Solution: 


The shear force is zero everywhere in the beam. 
The moment is zero in the first third and the last third of the bam. 


In the middle section of the beam the moment is M=Mo 


Thus the beam will fail when Mo = Mmax Mo = 2.00kN-m 


Chapter 7 


Problem 7-46 


The shaft is supported by a thrust bearing at A and a journal bearing at B. Draw the shear and 
moment diagrams for the shaft in terms of the parameters shown. 


Given: 

Ib 
w = 500 — 

ft 
L = 10 ft 


Solution: For 0<x<L 


1 P=3>-> 
SFy=0; ——~-wx-V=0 V(x) = —(L - 2x) — 5 
2 2 Ib , | 


-wL 
=M = 0; . xt wa(Z] +m =0 M(x) = *(Lx-x] 


671 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 7 


5000 
i) 
Z Vx 0 
jo} 
am 
—5000 
0 2 4 6 8 10 
x 
ft 
Distance (ft) 
110° 
eS 
— 
e MQ) 0 
vu 
= 
io} 
= 
-1-10° 
2 4 6 8 10 
x 
ft 
Distance (ft) 
Problem 7-47 


The shaft is supported by a thrust bearing at A and a journal bearing at B. The shaft will fail when the 
maximum moment is M,,,,,. Determine the largest uniformly distributed load w the shaft will support. 


Units Used: 


kip = 10° Ib 
Given: 
L = 10 ft r L “| 


Mmax = 5 kip- ft 


672 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 7 


Solution: 
wl wl 
pes aie ree ae Me WA Te 


From the Moment Diagram, 


M wh bMinax 400.00 
= w= w= 3 a 
ee 8 #2 t 
fs 
Mf : 
y CAN, | 
il é LL { 


Problem 7-48 


“ 
Draw the shear and moment | | | | | | | | 
diagrams for the beam. r = ; 1) My 
A 
B 


Units Used: kN = 10° N IF l A 
Given: 
=? KN wil 53 \ 
m 
Peed TTT II Ne 
ham wh (4) +My 
Mp = 5 kN-m <7 —_ 
Solution: 
1 
2F,=0; —V(x) + wl — wx = 0 V(X) = (WL - are 


L 
2M=0; M(x) + w1( +) +Mp-wLlx+ w(2) =0 


He) [ese [aa 2 ae 
(x) = VERS UES —W alle B aa 
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10 
Zz 
xs 
@ Vix) 5 
5 
ca 
0 
0 fl 2 3 4 5 
x 
Distance (m) 
0 
e 
Z 
a 
= M(x)-20 
ov 
=I 
ie} 
= 
—40 
0 1 2 3 4 5 
x 
Distance (m) 
Problem 7-49 
Draw the shear and moment diagrams 
for the beam. , 


Units Used: kN = 10° N 


Given: 
kN 
w=3— F =10kN 
m 
L=6m - I | 
Solution: 


V(x) - wW(L - x) - F =0 


1 
V(x) = [wW(L - x) + ee 


L-x 
mea) — w= 9{ 5 \ ra» =0 
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kN-m 

40 
ro 
Z 
I 
g V(x) 20 
je) 
jam 

0 
0 1 2 3 4 5 6 
x 
Distance (m) 
0 

c—~ 
A 
Z —50 
xs 
= M(x) 
eS -100 
je) 
= 

—150 

1 2 3 4 5 6 
Xx 


Distance (m) 


Problem 7-50 


Draw the shear and moment | | | | | | | | [ | 
diagrams for the beam. ’ 


if T 
Units Used: a B : 
kN = 10°N r | | 
Given: 
kN 
qa=2m b=4m we=15— 
m 
Solution: 
b-a w(b—a)* 
w(b — a) 7 —Ayb=0 Ay = oe Ay = 0.75kN 
Xz = 0,0.01a..a 
1 
Ay — V1(x) = 0 V1(x) Beene 
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—Ayx + Mj(x) = 0 M1 (x) = Ayx 
x2 = b-a,1.01(b-a)..b 


Ay — w(x — a) — V2(x) = 0 


2 
X-—a (x - a) 1 
) + M(x) = 0 NEO) al Ny A eee 


—Ayx + w(x — al 


Force (kN) 


X1,X2 


Distance (m) 


Moment (kN-m) 


X1,X2 


Distance (m) 
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Draw the shear and moment { oe ete SSS B | 
diagrams for the beam. , ae By 
VW [ l : VJ 
Given: 
lb 
L=20ft w= 250 a M, = 150 lb-ft © Mo = 150 lb-ft 
Solution: 7 
L M,-Mo2+w oe 
M1 +wi{£) —Mp—ayl=0 Ay = — Ay = 25001b 
V(X) = (A = wx) M(x) = r x- ue My — 
y Ib y 2 1) b-ft 
2000 
2 
a 
¥ V(x) 0 
S 
iat 
—2000 
0 5 10 15 20 
= 
ft 


Distance in ft 
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15-107 
a 140" 
| 
& 
e Ma) 
<8) 
= 5000 
jo) 
= 
0 
0 


Problem 7-52 


Draw the shear and moment 
diagrams for the beam. 


Units Used: 


kN = 10° N 


Given: 
F = 20 kN 
Solution: 
a 
—Aya+wa (<) —-Fb-M=0 
2 


x7 = 0,0.01la..a 


Chapter 7 


10 15 20 


x 
ft 


Distance in ft 


M = 150 kN-m 


4-[lg) mA 


x2 = a,1.0la..a+b 


Ay = 133.75 kN 


1 
Vo(x) = F — 
2(X) iN 


1 
Mp(x) = [-F(a+ b — x) — M] kN-m 
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200 
Zz 
~< V4(x 
= ies) ‘ 
(eB) 
3 Va{x2) 
Be cee 
am 
—200 
0 2 4 6 8 10 
X1,X2 
Distance in m 
400 
Ya 9 
& 200 
Z M,(x1) 
= 0 
z M2(x2) 
$ —200 
—400 
2 4 6 8 10 
X1,X2 


Distance (m) 


Problem 7-53 


Draw the shear and moment diagrams 
for the beam. 


Chapter 7 
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Solution: 


O0<x<a 


SELERERE 


xF,=0; -V-—wx=0 


Ww 
y 
7 } v | $ 
V = —-wx , \V wa 
7. a 
Xx 
xM= 0; M+wa{=) =0 V \ 
2 A= 
2 
xX 
M=-w — 
A 
a<x<2a 


xF,=0; -V+2wa-—wx=0 
V = w(2a - x) 


xM=0; M+ w(5) — 2wa(x-a) =0 


Woe 
M= IES te) 


Problem 7-54 


Draw the shear and bending-moment 
diagrams for beam ABC. Note that 
there is a pin at B. 
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Solution: 
Support Reactions: From FBD (b), 


()-0(9)- 


wL 
i aaar es 
L B 
From FBD(a), Ay- ~~ -— = 
2 sy 
_ 3wL 
ar a 
Box a ae oer 
Spe ayy a 
Yo 2)\4 s 
M LY 
=w|— 
a 4 
wa 
; V 
—_——| ye 
M, = wh a 
4 j 2? 3 
A. = ful 
; 4 
(ch 


Shear and Moment Functions: 
From FBD (c) For 


O<x<L Ay Swe V= 9 


v= = (3k — 4x) 


x Ww 2 2 
Ma~Ayx+ wx (2) +m =o m=“ (3Lx-2 re 


681 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 7 
Problem 7-55 


The beam has depth a and is subjected to a uniform distributed loading w which acts at an 
angle @from the vertical as shown. Determine the internal normal force, shear force, and 
moment in the beam as a function of x. Hint:The moment loading is to be determined from a 
point along the centerline of the beam (x axis). 


Given: 9-4 
a =2 ft 
L = 10 ft 
0 = 30 deg al? 
h Y 
Ib 1/2 
= 50 — 
ft 
le I | 
Solution: 
O0O<x<L 


=F,=0; N+ wsin(@)x =0 


N(x) = —wsin(6)x 


Problem 7-56 


Draw the shear and moment 
diagrams for the beam. 


Given: 


w = 250 — L = 12 ft 
ft 
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Solution: 


=F, = 0; 


V(x) -1000 


Force (Ib) 


—2000 
0 


M(x) ~5000 


Moment (Ib-ft) 


-1-107 


Problem 7-57 


The beam will fail when the maximum shear force is V, 


Ve 


M(x) 


Chapter 7 
ise 1 f wi 
— ee = ed _—T j 
2L |b at 
—s + + ' “ 
—Wx 1 
= a \ 
6L lb-ft 
6 8 10 12 
o 
ft 


Distance (ft) 


x 
ft 


Distance (ft) 


max OF the maximum moment is M,,9,- 


Determine the largest intensity w of the distributed loading it will support. 
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Chapter 7 
Given: 
L = 18 ft 
Mmax = 1200 Ib- ft 
Solution: 
ForO0<x<L wr 
I 
—wWwXx _wx? = 1 MW 
V M= ae te 
2L 6L \ | ) 
y 
wL 
| Vinax| ae ‘> 
ee VEE Fy wh? 
comcast 
Vmax Ib L : 
wi = 2 w1 = 88.9— wh 
L ft 
w2 i 
|Mmax| ~ 
Mmax ae Ib 
Ww? = w9 = 22.2 — 
e ie 2 ft 


Now choose the critical case 


: Ib 
w = min(w7, wz) w = 22,22 — 


Problem 7-58 


The beam will fail when the maximum internal moment is M,,,,,. Determine the position x of the 
concentrated force P and its smallest magnitude that will cause failure. 
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Solution: 
—p 
P&L —- > 
For ¢ <x, M1 opel), les r 
L 
te | Lax 
P(L—x) a 
PL - 
For ¢> x, M> = Pee L 
L 
py) 
Note that M, = M, when x= ¢ E My 
Vy 
P(L—wx) 
ip aii eiipe Eas) ae 5 
max — = ee oy ee — - 
L L « 
abw. 
? V; 
L PL 
d (yx?) = 1b —2x x=— “ U 
dx E ; 
M 
P/(L L P(L 
Thus, M, =—|/-—|/L-—-}|}=—-|-— 3 
ee L (=| =) 2 (=) ° ed envelop) cf Urn 
M, M, 
4M max 


Vv 


Problem 7-59 


Draw the shear and moment diagrams 4 { i | | | | | 
for the beam. Jt 1) 


Given: 
Ib r a zi a 
w = 30 — Mc = 180 lb-ft 
ft 
a=9 ft b = 4.5 ft 
Solution: ¥ 
V, 
Aya+ ! wa = Mc=0 \ 
‘y 2 3 GH ‘ 
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My 
B wa : | 
ya tay W 
xy = 0,0.01a..a ' B 
2 
Ay-=wWw = |2=Viy = Vi(X) = tees eS 
- a ace le 
3 
-A feat ae Ne + M1(x) =0 Mj1(x) = haere cans 
ee DME AS a Ga) thf 
x2 = a,1.0la..a+b 
1 wa) 1 
Ay= Swat By V20) =0 VLC | Stele re 


2a 


1 
—Ayx + aie ( = By(x — a) + M(x) = 0 


wa 2a 1 
Mop(x) = [ayn By(x — a) — “a(x ~) — 


2 3 


100 


Force (Ib) 


Distance (ft) 
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Chapter 7 
100 
& 
2 M(x1) ° 
= 
@ M(x 
5 MRE) 
S 
—200 
0 2 4 6 8 10 12 
X1 X2 
ft ft 
Diastance (ft) 


Problem 7-60 


The cantilevered beam is made of material having a specific weight y. Determine the shear and 
moment in the beam as a function of x. 


Solution: 


By similar triangles 


< 
ll 
1 RS 
NTS 
es 
a 
~< 
No 
= 
' 


ht 
=M = 0; —M - is o(z)=0 
2d 3 
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Vili 
= ———x 
6d 


Problem 7-61 


Draw the shear and moment 
diagrams for the beam. 


Given: kip = 10° Ib witht ig! | | | 


lb lb Ap B 
wi = 30— w2 = 120 — a © Cae 
ft ft 
L - 
L = 12 ft 
Solution: 


eae le er Tl! 
w,L|—|+—(w2-w —|- = eT 
1h | >] +5(w2-wi)h | >] - Ay ay 


esse FEL, 
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500 
Fame, 
—| 
wr 0 
8 VO 
je) 
aa 
—500 
0 2 4 6 8 10 12 
x 
ft 
Distance (ft) 
2 
= 
“ 
a 
=, 
2 Ma)l 
ovo 
& 
ie) 
= 
0 
0 2 4 6 8 10 12 


x 
ft 


Distance (ft) 


Problem 7-62 


Draw the shear and moment 


es TUT 


= ee =| 
: 3 { se irs 
kip = 10° lb 
Given: 
; : kip 
F, =20kip Fo = 20kip ear a=15ff b=30ft c=15ft 
Solution: 
Pasi awh SESS Fe of ae Le 
a wb] —|-Foc- = = —- — 
: ea ‘aoa re 
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x7 = 0,0.01la..a 


1 
oh =Vil(xy = 0 VAC Us a rare 

kip 
F,x+Mj1(x) =0 M(x) = -F1x — 

kip: ft 
x2 = a,1.0la..a+b 
1 
Fy — w(x- a) + Ay - V2(x) = 0 Vo(x) = [-F1 - w(x ET 
xXx-a 

F 1x — Ay(x- a) + w(x af 5 ) +meoo =0 


aaa 1 
IO) a Eat ON NY re ee eres 


x3 = a+b,10l(a+b)..a+b+c 


1 
V3(x) - F2 = 0 NG 9 et 
kip 
M3(x) — Fo(a+b+c-—x) =0 M3(x) = —Fo(a+b+c-—x) 
kip- ft 
100 
50 
Vv 
3 1(x1) 
3 VAx2) 9 
& Va(x3) 
-50 
-100 


Distance (ft) 
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Engineering Mechanics - Statics Chapter 7 


200 


= M;,(x;) 0 
S M2x2) 
es 

F M3(x3)_599 
= 


—400 


Distance (ft) 


Problem 7-63 


Express the x, y, z components of internal loading in the rod at the specific value for y, where 


0<y<a 

Units Used: ; 
kip = 10° Ib 

Given: y=25 ft a a: 


Ib 
dea Ace F = 1500 Ib 


a=4ft b = 2 ft 


Solution: In general we have 
F 
V= 0 
w(a - y) 
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wa- (24 =») 


-Fb 
=F(d=y) 


For these values we have 


Chapter 7 


1500.00 900.00 
V= 0.00 Ib M =] —3000.00 | Ib- ft 
1200.00 —2250.00 
Problem 7-64 
a, 
Determine the normal = 


force, shear force, and 
moment in the curved rod 
as a function of 2 


Given: 


Solution: 


For 0<@0<z 


JAF = 0; N- Grae. 


pene - cos( 


Qs 
ra 
or 
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a cos( 6) + csin(@)) 


| 
Nee apes 


Y= Cr s[ente 6) — ccos(6)) 
c da 


Engineering Mechanics - Statics Chapter 7 


im xM = 0; =a P(r - rcos( 6) + = Prsin(6) +M=0 
2 2 2 2 
c +d c +d 
Pr ; 
M=|— (d — dcos(@) ~ csin(@)) 
2 2. 
c +d 


Problem 7-65 


The quarter circular rod lies in the horizontal 
plane and supports a vertical force P at its 
end. Determine the magnitudes of the 
components of the internal shear force, 
moment, and torque acting in the rod asa 
function of the angle @. 


OY 


Solution: 
DF, = 0; v= |p| 
=M, = 0; M + Prcos(@) = 0 

M = -Prcos( 6) | 

M = |Preos() Ah 4 
=M, = 0; T + Pr{l—sin(6)) =0 lx 


T=-P r(1 - sin(6) = Se \ 


= 0F. 2s. 


T= |p r(1 = sin( 0) | ree “i < 
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Engineering Mechanics - Statics 


Problem 7-66 


Draw the shear and moment 
diagrams for the beam. 


My, 
Given: A 
Mg = 800 lb-ft a =5 ft P 
1 - b - 
F = 100 lb b=5 ft , 
Solution: 
0,0.01a..a V1(%) Ee M1 (x) =[-F(a+b ) - Mg] — 
Xj = 0,0. “ Xx) = xX) = |= —x)- — 
1 1 1 Bl bea 
x2 = a,1.0la..a+b Vo(xX) = F — Mop(x) = -—F(a+b-—x) bit 
2 vilxi)10 
S 
& Vox 
fz Vie) 
99.8 
0 2 4 6 8 10 
x1 X2 
ft’ ft 


Distance (ft) 


Moment (Ib-ft) 


Distane (ft) 
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Chapter 7 


Engineering Mechanics - Statics Chapter 7 
Problem 7-67 


Draw the shear and moment diagrams 
for the beam. 


Units Used: kN = 10° N 


Given: 
kN 
w=3— F = 10kN 
m 
L=6m 
Solution: 


1 
V(X) = [W(L - x) + F] a 


Moy =|-wE— _ ra—»| = 
x) = | -w—— - — x)| —— 
2 kN-m 
40 
Z, 
oh 
wv V(x) 20 
o 
am 
0 
0 1 2 3 4 5 6 
x 
Distance (m) 
0 
e 
a —50 
5 M(x) 
eS -100 
jo) 
= 
—150 
1 2 3 4 5 6 


x 


Distance (m) 
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7 
Problem 7-68 “ 
Draw the shear and moment - oa \ + 
is A [Py — ; : B 
diagrams for the beam. PS Mey "4 pa Sy 
Units Used: kN = 10° N Se 2 " 
Given: F = 7kN M = 12 kN-m a=2m b=2m c=4m 
Solution: Guesses A=1N Be=i1N 
A 
Given A+B-F=0 Fa-M+B(a+b+c) =0 EF) = nina 
x17 = 0,0.0la..a x2 = a,1.0la..a+b x3 = a+b,10l(a+b)..a+b+c 
Vi(x1) = A = Vo(x2) = (A- F) —_ V3(x3) = -B —_ 
kN kN kN 
Ax] Ax - F(x2 - a) 1 
M1(x1) = M)(x2) = ————————- M3(x3) = Bla+b+c-—x3)—— 
104) = Tam M22) = Tam alx3) = BI 3) em 
5 
ee, VINE 
s (x1) 
VAX) 9 
2 
& Va(x3) 
=5 
0 1 2 3 4 5 6 7 8 
X1,X2,X3 


Distance (m) 
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Moment (kN-m) 


X1,X2,X3 


Distance (m) 


Chapter 7 


Problem 7-69 


Draw the shear and moment 
diagrams for the beam. 


Units Used: 
kN = 10°N E / 
Given: 
kN 
a=2m b=4m we=15 — 
m 
Solution: 
2 
b-a w(b—- a) 
w(b — a)| ——]|-Ayb=0 Ay = ————— Ay = 0.75 kN 
( ( 5 ) y y ob y 
0,0.01 Vi() =A : Mj1(x) =A 
Xj = 0,0.0l1a..a xX) = —= xX) = X 
3 f YN : y* Nm 
1 2 
x2 = b-a,1.01(b-a)..b V(x) = [Ay — w(x— a) | eee ene 
2 
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1 


kN-m 


Engineering Mechanics - Statics Chapter 7 


Force (kN) 


X1,X2 


Distance (m) 


X12 


Distance (m) 


Problem 7-70 


Draw the shear and moment diagrams 


for the beam. | | | | | M 
mu { 
: atti} ‘\ 
Given: a 
ait Ba fap 
lb 
w= 30 Mc = 180 Ib-ft : r 4. _— 
a=Q9ft b = 4.5 ft 
Solution: 


Mg ayh| Ne Me=G 
-Aya + —wa| —|- = 
Der 9 3 c 
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x7 = 0,0.0la..a 


2 3 
wx | 1 Wx 1 
eye ey 2a Ib i Dae 6a_ / Ib- ft 


x2 = a,1.0la..a+b 


wa)1l 
Vo(X) = Oe ae b 


100 


Force (Ib) 


Distance (ft) 
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Engineering Mechanics - Statics 


100 
eS 
2 Mi(x1) ° 
= 
Go M(x 
=I MRE) 
= 
—200 
2 4 6 8 10 12 
X1 X2 
ft’ ft 
Diastance (ft) 
Problem 7-71 
Draw the shear and moment 
diagrams for the beam. . 
Given: kip = 10° Ib ry | | 
P wits a! 
1 
lb lb f 3 
wi =30— wo = 120 — mes a 
ft ft 
ks i mel 
L = 12 ft 
Solution: 


Ww] (=) . =(w2 - w)e( 4] — AyL =0 
= m(e) (FIG) 


2 


V(x) =| Ay -— w x-=(w yee 
gl ena Sake ae 


Hea ere Dee : 
y i5 or er | kip-ft 
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500 
Fame, 
| 
wr 0 
3 Voy 
je) 
cm 
—500 
0 2 4 6 8 10 12 
x 
ft 
Distance (ft) 
2 
= 
“ 
Ay 
=, 
2 Ma)l 
ovo 
& 
ie) 
= 
0 
0 2 4 6 8 10 12 
x 
ft 
Distance (ft) 
Problem 7-72 V, 


Draw the shear and moment diagrams for 
the shaft. The support at A is a journal 
bearing and at B it is a thrust bearing. 


Given: 
F, = 400 lb =F = 800 lb a ea 4 es 

Ib : F : 
w = 100 — a=4in b = 12 in c =4in 

in 

b 
- w a + Fob-Fy,a 
Solution: Fya—- wif 2) —F2b+B(b+c)=0 Be= pe Se B = 950.00 Ib 
+¢ 
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Chapter 7 
1 
xz = 0,0.0la..a Vi(X) = ae M(x) = Be creer 
x2 = a,10la..a+b V2(x2) = [-B + F2 + w(a 4 b a) 
(a +b—x9)° 1 
M2(xz) = | B(a + b +c ~ x2) ~ Fo{a + b — x2) ie i 
=a+b b b V a = B(at+b 
x3 = a+b,101(a+b)..a+b+c 3(x3) = b 3(x3) = (a+ + C— x3) bain 


2000 


4000 


Distance (ini) 
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Problem 7-73 


F Ik > 
Draw the shear and moment ; 
; M, 

diagrams for the beam. 

A ; = : |B 
Units Used: Ar, —o 

kN = 10° N i" - We i T- Z 

Given: 


F, =10kN Fp =10kN Mo = 12 kN-m 


aqa=2m b=2m c=2m d=2m 
Solution: 
Fi(b+c+d)-Mo+F2d-Aj(at+b+c+d) =0 
Fy(b+c+d)—Mo+Fod 
a a Ay = 8.50kN 
a+b+c+d 
Ay + By= Fy > Fo = 0 By = Fj + F2-Ay By = 11.50kN 
x7 = 0,0.0la..a 
Vi(x) =A : M,(x) =A 
xX) = ee xX) = xX 
: Y KN ' y*kN-m 
x2 = a,1.0la..a+b 
Vo(x) = oe ee M2(x) = [Ayx- Fy(x-a)| : 
kN kN-m 
x3 = a+b,10l(a+b)..a+b+c 
V3(x) ae ere M3(x) = [Ayx — Fy(x- a) + Mo|—— 
kN kN-m 
x4 =a+b+c,10l(a+b+c)..a+b+c+d 
V4(x) Bye Ma4(x) = By(a+b+c+d-—x) 
x) = -By— xX) = a Cc —X 
4 Y KN ‘ y kN-m 
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10 


Force (kN) 
os 
cs 


0 1 2 3 4 5 6 7 8 


X1,X2,X3,X4 


Distance (m) 


Moment (kN-m) 


X1,X2,X3,X4 


Distance (m) 


Problem 7-74 a * 


VV 
Draw the shear and moment { | | | | | y fad ‘ 
diagrams for the shaft. The support = — } 
at A is a journal bearing and at B it |! | a 


is a thrust bearing. 
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Given: 
Ib 
F = 200 lb Rest ee M = 300 lb-ft a=1ft b = 4 ft c=1ft 
Solution: Ga 
5 F(a + b) + —s —M 
(a+b) Ab+wi{2)-M=0 A > ————5- —- A = 375.00 1b 
xz = 0,0.0la..a V1 (x1) = = Mj(xz) = ope 
, Ib lb-ft 
x2 = a,1.0la..a+b V2(x2) = |-F +A w(x2 aj] 
x2—4a 1 
Mp(x2) = |-Fx24 A(x2 a) Ri 5 ) bh 
x3 = a+b,10l(a+b)..a+b+c V3(x3) = arn M3(x3) == bh 
200 
os Vi(x1) 0 
— 
y ve) 
& Valx3)o99 


—400 


Distance (ft) 
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—300 


Distance (ft) 


Problem 7-75 i 


Draw the shear and moment diagrams for M | | 1} iF 
the beam. : 
cae Re. 


A &- B 
3 ~ a a ff h — il - 
kN = 10° N 
: kN 
Given: F =8kN M = 20 kN-m w = 15 — a=2m b=1m 
m 
c=2m d=3m 
Solution: 
a& 
d Fc-M-w aoe 
A(at+b+c)-M+Fc wd) =0 A = ————* _ A =-14.30kN 
2 a+b+c 
Xz = 0,0.01a..a V1 (x1) = = M1 (xz) = Ax] 
kN kN- 
x2 = a,1.0la..a+b V2(x2) = ie Mo(x2) = (Axo + M)—— 
kN kN. 
1 
x3 = a+b,101(at+b).a+b+c V3(x3) Se ar bs 
1 
M3(x3) =| Ax3 + M — Flx3 - a — b)|—— 
3(x3) = [Axs ease) 
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x4 =a+b+c,10l(a+b+c)..a+b+c+d 


Va(xa) a w(a +b+c+ d— x4) — Ma(xa) = a ae Fer 


Force (kN) 


X15X2,X3,X4 


Distance (m) 


Moment (kN-m) 


X1,X2,X3,X4 


Distance (m) 
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Problem 7-76 


Draw the shear and moment diagrams for 
the shaft. The support at A is a thrust 
bearing and at B it is a journal bearing. 


Units Used: 
kN = 10°N 
: kN 
Given: w=2— F=4kN a=08m b=0.2m 
m 
2 
a 
Fa+w 5 
a 
Solution: B(a+ b) - Fa- we 2) =0 B= — B = 3.84kN 
2 a+b 
A+B-wa-F=0 A=wa+F-B A = 1.76kN 
2 
Xj = 0,0.01a..a V1 (x1) = (4 - wx1)— Mj(xz) =|Axj-w ae a 
kN 2 /|kN-m 
XPS 


Force (kN) 


X1,X2 


Distance (m) 


X1,X2 


Distance (m) 
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Problem 7-77 


Draw the shear and moment { ag Pde | | | My 


diagrams for the beam. 1 | 5 ~ fi =| ( 
SS B es 
Given: 
Ib 
ee ee Mp = 160 lb-ft a = 20 ft b = 20 ft 
Solution: 
2 
(<) Mp+Cy(a+b) =0 C & + : Cy = 104.00 Ib 
—wa| —]—- = =|w— = 104. 
2 By y 2 BN a+b i 


x, = 0,0.01la..a 


1 x 1 
Vi(X) = (Ay - wx) M1 (x) = | Ayx-w— bi 


x2 = a,1.0la..a+b 


V2(x) = -Cy— M2(x) = Cy(a+ b-x) 


Ib- ft 


400 


Force (Ib) 


Distance (ft) 
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Chapter 7 
3000 
s 000 
2 M(x} 
r= 
B M2(x2) 
Pam 1000 
0 
X1 X2 
ft” ft 
Distance (ft) 
Problem 7-78 
“ 
The beam will fail when the maximum moment ine 7 } i | | | | | | 
is Mingx OF the maximum shear is Vj 4x. or B 
Determine the largest distributed load w the =i fiers 
beam will support. A | 
- a by ? “| 
Units used: kip = 10° Ib 
Given: Mmax = 30 kip- ft Vmax = 8 kip a = 6 ft b=6 ft 
kip 
Solution: Set w = 1 — _ and then scale the answer at the end 


= — A = 7.00 kip 


A+B-wb-w> =0 p=wo+2)-A B = 2.00kip 


Shear limit - check critical points to the left and right of A and at B 


a 
Vbig = max{ IB »|w-l, Ws = al) Vbig = 4.00 kip 
Vmax kip 
Wshear = Ww Wshear = 2.00 — 
Vbig ft 
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Moment limit - check critical points at A and betwen A and B 


=-w—-|/-}| x=— = Bx-w— = . 
os 2/)\3 w 3B 2 Map 2.00 P 


, |Map]) Mbig = 6.00 kip: ft 


Mbig = max(|Mq 


Mmax kip 
Wmoment = Ww Wmoment = 5.00 —— 
Mbig ft 
1X F kip 
Choose the critical case Wans = min (Wshear: Wmoment) Wans = 2.00 Fa 
Problem 7-79 F 
Ww 
P M 
The beam consists of two segments > | | | | | It 
pin connected at B. Draw the shear SS rr 7 
and moment diagrams for the beam. ‘ B 
a = hy “=< i ~ 
Given: 
Ib 
F = 700 lb Wiis oe M = 800 lbft a=68 ft b = 4 ft c= 6ft 
Solution: C 
Ww 5 +M 
Cc 
-we{£) - m+ Cc=0 C = —@—) C= 583.33lb 
Cc 
B+C-wc=0 B=wc-C B = 316.67 lb 
x, =0,001a..a — Vi(xq) =(B+F)— My (xz) = [-F(a— x1) - B(a +b - x1)|—— 
Ib lb- ft 
x2 = a,1.0la..a+b V2(x2) = a Mo(x2) = -B(a + b — x2) —— 
Ib lb-ft 
1 
x3 = a+b,1.01(a+b)..a+b+c V3(x3) = [-C+ wat+b+c 3) 5 
(a +b+c- x3)" 1 
M3\(x3) = | Cla+b+c-— x3) - w———————_ - M|—_ 
a(xa) =| 3) 2 Ib- ft 
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Force (Ib) 


Distance (ft) 


5000 


Distance (ft) 


Problem 7-80 


P 
The beam consists of three segments M. i 
pin connected at B and E. Draw the R { | | | ' | 
shear and moment diagrams for the ; is . 


beam. 


— — 


Units Used: kN = 10° N | 


kN 
Given: Ma = 8 kN-m F=15kN- w=3—— a=3m b=2m 
m 
c=2m d=2m e=2m f=4m 
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Guesses Ay =1N By =1N Cy =1N 
. Dy =1N Ey =1N Fy =1N 
Given 
Ay + G+ Dy + Fy- F-wf =0 Fb-M,- Ay(a+b) =0 
—w f +F,f=0 Ma+Fa+B,(a+b) =0 
5 ye A a4 7 
By+Cy+Dy+Ey=0 Byc+ Dyd+ Ey(d+e) =0 
A A 
y y 4.40 
By By ~10.60 
% Fi d(A By,Cy,Dy,Ey,F ) % red kN 
=, im ° 2 ° 9 ° = 
D ae aa ke eae i D 1.40 
y y 
—6.00 
Ey Ey 
6.00 
Fy Fy 


x7 = 0,0.0la..a 


1 1 
V1(X) = Ayn M(x) = (Ayx + Ma) —— 


x2 = a,1.0la..a+b 


1 
kN-m 


1 
V(x) = (Ay - ee M(x) = [Ayx+ Mg - F(x - a) 
x3 = a+b,10l(a+b)..a+b+c 
V3(x) = By— M3(x) = By(x- ab) — 
KS) = =— x) = x-a- ————s 
3 Y XN 3 y kN-m 


x4 =a+b+c,1.0l(a+b+c)..a+b+c+d 


1 
kN-m 


1 
Va(x) = (By + ON 


Ma4(x) =[By(x-a-b) +O6(x-a-b-o| 


x5 =a+b+c+d,10l(a+b+c+d)..a+b+c+d+t+e 


1 1 
V5(x) = —Ey— Ms(x) = Ey(a+b+c+d+e-—x)—— 
5(%) = -By 5(x%) = Ey/ eae 
xg =at+b+c+d+e,10l(at+b+c+dt+e).a+b+c+dt+es+f 
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Vols) =[-Fy+watb+erdt+es f- x} 
2 
M6(x) =|Fy(a+b+c+d+e+ f-x) ae ean 


Force (kN) 


X15X25X35XG4,X55XG 


Distance (m) 
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Chapter 7 


Moment (kN-m) 


xX] 9X2,X3,X4,X5,X6 


Distance (m) 


Problem 7-81 


Draw the shear and moment diagrams for the beam. 


— 7 
~ I ~—- I — 
Solutions: 
Support Reactions: 
\ L\ wol(aL 7wo L 
=M, = 0; ByL — woL| — | - ——| — } = By = —— 
‘ 4 (5) 2 (5) z 6 
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7woL woL woL 
14 F,=0; ay( 2 }-wor-(“2) = Ay = 


om wy 


rt | 
|> 
Lal 
| 
~~ 
— s. 


4 Wyd 
ai es F & oe Twol 
Rm G 
\ 
wil 
K 2 
a 
Wol. f 2 
q \ i 
\ Sy 
a ~ 
Re —— 
}- + —}—- ; 
] iN L J 
hs 
\ 
\ 
‘\ 
» 4 
\ 
\ 
NS Qaiyl 
, 
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M 
Wy ft : 
1M 
| / \ c. IL 
+ —}- 5 .- + 
() ! \ _ 
L ' ae 
\ YS 
\ V4 
\ / 
\ / 
\ 
hi 
\/ 
Wile 
—— 
Problem 7-82 - 


Draw the shear and moment diagrams r ie: 
for the beam. TTT] ih 

| 2 
Units Used: A ne : = ad 


per me i 
kip = 10° Ib 
L ; ols } ! 
Given: 
F = 2000 lb a=9ft 
Ib 
w = 500 — b =9 ft 
ft 
Solution: 2 
wb a 
; i ao +Fb+ wad +5) 
a 
1 1 
Ay = 5.13kip By = 3.63 kip 
x1 = 0,0.01a..a 
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1 x 1 
Vi(X) = (Ay = Wis M(x) = [aya - w(2)| 


x2 = a,1.0la..a+b 


1 (a+b-x 1 
Vo(Xx) = =By to > Bt: (a+b-x) Kip 


1 (a+b-x a+b-x 1 
Mo2(x) = laya+b-s) of Nas n( A) 


2 3 kip- ft 
10 
= 5 
z Vi(x1) 
<P) 
= Volxa) 
ama 0 
a 
=5 
0 5 10 15 
XxX] X2 
ft ft 
Distance (ft) 
e 
& 
zs 
=I 
vo 
=I 
je) 
= 


Distance (ft) 
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Problem 7-83 " 


Draw the shear and moment 
diagrams for the beam. 


ie 
py ae B 
Units Used: 
kN = 10°N , ° 5 , 
Given: 
kN 
w=3— aqa=3m b=3m 
m 


Solution: wee wa a 
— +|—]/b+— 
wb \f 2b wa a 3 2 3 

—Ay(a + b) + (2\(2) + (“20 + <) = 0 Ay = ————— 


Ww 


x7 = 0,0.01a..a 


1 (x 1 
V1 (x) = la, = a=} 


x2 = a,1.0la..a+b 


V ah lags 1 (a+b-x b 1 
9(x) = ee aor ee eee cas 2) hae 


1 f(a+b-x a+b-x 1 
Mop(x) = a, + b-x) - of 7P=*) +b- of B=) 


Force (kN) 


X1,X2 


Distance (m) 
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Engineering Mechanics - Statics Chapter 7 


X1,X2 


Distance (m) 


Problem 7-84 


Draw the shear and moment | : My 
diagrams for the beam. vt | t | ‘i =" 
A= 
Units Used: vane = , 
| 
: 3 

kip > 10 lb Le a —— bh —_— { - 

Given: 
Ib . 
eer Mo = 9 kip-ft a=6ft b = 6 ft c=4ft 


Guesses: Ay = 1 |b By = 1 |b 


Gi NAB eal SS ae 
liven t a+ —-wad| —|-—-woa -)]= 
eae 2 3 2 3 
1 
Ay + By~ >w(a +b) = 0 
A A eZ 
y 0.45 
= Find(Ay, By) = P 
By By 1.05 


x7 = 0,0.0la..a 


1 (xX 1 1 (xX x 1 
as e : a} ee [ay : }G) kip-f 


x2 = a,1.0la..a+b 
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1 (a+b-x a+b-x 1 
Mo2(x) = layarb-s) -Mo 50 \a+5-0( 2} 


x3 = a+b,1.0l(a+b)..a+b+c 


V3(x) = 0 M3(x) = —Mo 


kip- ft 


Force (Ib) 


Distance (ft) 


Moment (kip-ft) 


Distance (ft) 
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Problem 7-85 


Draw the shear and moment diagrams for the beam. 


Ww i 


r Lj? 7 LfZ- —+ 


Solution: ut w 
Swe 
aa 
wh 
a 


PT bg 
a a 
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Problem 7-86 


Draw the shear and moment diagrams | | | | | | | | | 
for the beam. _¥ ie vt ttt y 
Units Used: mn 7 { 
kN = 10° N -- . 
iven: kN 
GN sigec pee a=3m b=3m 
m 
Solution: 


x7 = 0,0.01a..a 


1 1 f(a-x 1 
Vi(X) = [wo + So . Je-afe 


ig leet {2 | dD a=% (S) 1 
1(X) = i a ee + (a — x) i nee 


x2 = a,1.0la..a+b 


Force (kN) 


0 1 2 3 4 5 6 


X1,X2 


Distance (m) 
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X1,X2 


Distance (m) 


Problem 7-87 


Draw the shear and moment diagrams for the beam. 


Units Used: KB 
kip = 10° Ib 
le a ole h ale i - 
Given 
kip : : 
Ws Pe M, = 15 kip-ft Mp = 15 kip-ft a=6ft b= 10ft c=6ft 
Solution: 


a a b c\(c a+c 
My ~ Ab-Mz+w(2)(6+ 2) +wo{2)— wf $)(£) =o A+B—wo—v Jeo 
2 3 2 2/\3 2 
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x2 = a,1.0la..a+b 


Vo(xX) = [a — we — w(x - ale 
2 kip 


M2p(x) =| wel 2) + A(x — a) — w(x a") = 
2 3 2 kip- ft 


x3 = a+b,10l(a+b)..a+b+c 


Force (Ib) 


Distance (ft) 
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Moment (kip-ft) 


Distance (ft) 


Problem 7-88 


Draw the shear and moment diagrams for 


the beam. 
Units Used: \ 
kip = 10° Ib ; 
Given: 
ki ki 
wy 3 oo a= 15ft 
ft ft 
Solution: 


X = 0,0.01la..a 


V(x) = a ee M(x) = “s oa 
a see i eG kip Cd a ans! oa oa Kip ft 
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4 
a 
a 
J 
Y V(x) 2 
je) 
ca 
0 
0 2 4 6 8 10 12 14 
x 
ft 
Distance (ft) 
40 
= 
ae 
=n 
— 
= M(x)20 
vo 
& 
je} 
= 
0 
0 2 4 6 8 10 12 14 
x 
ft 


Distance (ft) 


Problem 7-89 


Determine the force P needed to hold the cable in the position shown, i.e., so segment BC 
remains horizontal. Also, compute the sag yp and the maximum tension in the cable. 


Units Used: 


3 


kN = 10° N 
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Given: 
a=4m Fy, =4kN ; seid \y } 
o\ fil 
b=6m F2=6KN yy | Df 
ne ape | NB, _ ( ae “4 =“) ’ 
va — — ‘ 
d=2m 


Solution: ; 
Initial guesses: 


ypB=1m P=1kN Tap=1kN Tac =1KN Top =1kN Tpr =1kN 


Given 
—a 
——— _ |T4Rp + Tac = 0 
| 2. 2 
aq + YB 
YB 
Tap - F, =0 
2 2 
a + YB 
c 
-TBc + | ——— |Tcp = 0 
2 2 
Cc + (yB-e) 
yB-e | 
Tcp-P=0 
c + (yB-e) 
eee ee eee ee 
CD —-——_ | 4 DE = 
c + (yp -e) Vd+e 
-ve-9) Tops | pp Sree 
'D + [ADE F2 = 
c + (yp -e) ered 
YB 
P 
TAB 
= Find(yg.P.Tap.Tpc.Tcp- Tp) 
TBC 
TcD 
TDE 
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Tmax = max(Tap, Tgc,Tcp, TpE) yp = 3.53 m 


P = 800.00 N 


Tmax = 8.17kN 


Problem 7-90 


Cable ABCD supports the lamp of mass M, and the lamp of mass M,. Determine the maximum 
tension in the cable and the sag of point B. 


Given: A had ba we al 
\@ i + Y 
M, = 10 kg ANN, iD 
x Va . 
Mp = 15 kg \, 
aq=1m \ tI 
\ — €( 
b=3m BS 
c=05m B inj 
a M, 
d=2m = 
i a - b _—* 
Solution: 


Guesses ypB=im Tap = 1N TpBc = 1N Tcp =1N 


ip 7 ( é ) 
Ose Top 8 
{b> +(yp- 4d)" | +d 
-(yp-d)  ] d 
Tne | >| fep “a0 = 
b° + (yp - d) +d 
729 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 7 


YB 
Tap TAB 100.163 
, = Find(yg, TAB; IBC; Tcp) TBc | =| 38.524 | N 
BC 
TH 157.243 
Tcp 
Tmax = max(Tap. TBC. Tcp) Dey = 67 ON yp = 2.43 m 


Problem 7-91 


The cable supports the three loads shown. Determine the sags yp and yp of points B and D. 


Given: 


— a , 
be i2h: f= 14h NY ' 
c=20ft Py = 400 lb 6) ———__3 


li 
d=15ft Pp» = 250 lb ' 
P P. 
P, 
Solution: 
iS or St o8 fy - RI 
Guesses yp = 1 ft yp = 1 ft 
TAB = 1 |b TBc = 1 |b 
Given Tcp = 1 1b Tpg = 1 lb 
—b Cc 
=0 


YB 


J be + ype 


Trt 


730 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics 


Chapter 7 


f=YB — YD 
TBc + 5 Tcp - P1 = 
c + (f- ys) d +(f- yp) 
_d 7 
Tcp + TDE = 0 
d°+(f- yp)’ | e +(a+ yp) 
-(f- YD) a+yp 
Top + TpE - P2 = 
2 
d+(f-yp)" | e +(a+ yp) 
TAB 
TBC TAB 675.89 
Tcp Find Tap, Tac. Top. TBC 566.90 s 
= Fin AB>+BC>4CD>+4DE>YB>YD = 
TE TcD 603.86 
ve TDE 744.44 
YD 
YB 8.67 f 
= t 
yD 7.04 


Problem 7-92 


The cable supports the three loads shown. Determine the magnitude of P, and find the sag yp for 


the given data. 


Given: 

P> = 300 lb c = 20 ft 

yB = 8 ft d= 15 ft 7 

7 

a=4ft e = 12 ft 

b = 12 ft f = 14 ft 
Solution: 
Guesses P; =1\1b Tap = 1 |b 

TBc = 1 |b Tcp = 1 1b aw a a ~t | 
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TpE = 1 |b yp = 1ft 


TAB 
TBC TAB 983.33 
TcD Find (Tap. Tac. Top. TE. P1 yp) TBC 854.21 
= Find(T4B.TBc.Tcp.TpE>P1,YD = 
TDE Tcp 916.11 
P; TE 1084.68 
YD 
P, = 6581b 
yp = 6.44 ft 


Problem 7-93 


The cable supports the loading shown. Determine the distance x, the force at point B acts from A. 
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Given: 


P=40lb c=2ft 


F=30lb d=3 ft 


a=5ft e=3 
b = 8 ft f=4 
Solution: 


The initial guesses: 


Tap = 10 lb Tcp = 30 |b 


TBc = 20 |b xp = 5 ft 


Given 


xp-d | f 
—————————_|T Rc - Top + F=0 
J (xp- 4) +b? Vcit+d e +f? 

b | Cc e 
2 lee 5 ToD - 2 eX 
(xp -d)° + b°| c +d e+f 

TAB 

Top TAB 50.90 

= Find(TaB. Tcp.TBc:; xB) Tcp | =| 36.70 |Ib xp = 4.36ft 
TBC 38.91 
TBC 

XB 


Problem 7-94 


The cable supports the loading shown. Determine the magnitude of the horizontal force P. 
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Given: 


7 
| 
Ww 
j=) 
— 
oC 
io) 
lI 
N 
> 


i=) 
Il 
uo 
> 
is 
Il 
w 


Ss 
lI 


Bf f=4 


Solution: 


The initial guesses: 


Tap =10lb Top = 30 lb 


Tac = 20lb P= 101b 


Given 


_d xp-d f 
So Top + TBc + 5 F=0 
c +d b° + (xp - d) e+f 
-C b | e 
Fe [Foe + 5 PBC Hee 
c +d b° + (xp - d) e+f 
TAB 
‘ TaB 70.81 
BC 
= Find(Tag. Tac. Tcp.P) Tac | =| 48.42 | Ib P = 71.40 lb 
T 
oe Ten 49.28 
P 
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Problem 7-95 —— “— 
oo wy, 

Determine the forces P, and P, ' d 7 A 

needed to hold the cable in the ht Fi oe: DY” 

position shown, i.e., so segment CD Ss) | 

remains horizontal. Also, compute the F 


maximum tension in the cable. 


Given: kN = 10°N 


P. P, 
F=5 kN d=4m é 13 (f mF F ~<— ft - 
a=15m e=5m 
b=1m f=4m 
c=2m , 
Solution: 
Guesses 


Fap = 1 kN Fpc = 1kN 
Fcop = 1 kN Fpr = 1kN 


P; =1kN Pp =1kN 


Given 
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Fpc-P,=0 


Fpr= 0 


—Fop + a 
Vf? +(at by? 


= Find(Fap.FBc.Fcp.Fpe;P1 ,P2) 


FAB 12.50 


FBC 10.31 Py 2.50 
= kN 
Fop 10.00 Pp 6.25 
11.79 


Tmax = max(F4p.FBc.F cp; FDE) Tmax = 12.50 kN 


Fmax = max(Fag.FBc.Fcp.F pe) Fmax = 12.50kN 
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Problem 7-96 


The cable supports the loading shown. Determine the distance x, from the wall to point B. 


Given: 
W, = 8 lb »| . 
W> = 15 1b a 
7 | 
a=5 ft l eg « 
“a B = 
b = 8 ft as | / GS : 
q 
c=2 ft y, 
7 | / | 
d=3ft | y, 
Solution: | 
Guesses =r wrt ; / 
Tap =11lb Tac =11b | / 
| h 
Tcp = 1 1b xp = 1 ft 4 
if 
Given 
—XB xp-d | 
TAB — Tpc + W2 =0 
Ja + xB" b + (xp - d) 
a b | 
>= | ABs TBc = 0 
fa’ +xB b + (xp - d) 
xB-d d 
36> | =—— > fep:= 0 
b° + (xpd)? (co+d 
. = 
5 5 PBC Tcp - Wi =0 
b* + (xp - 4d) c+d 
TAB 
TAB 15.49 
TBC 
= Find(Tap. Tac. Tcp;xB) TBc | =| 10.82 | lb xB = 5.65 ft 
TcpD 
Tcp 4.09 
XB 


Problem 7-97 
Determine the maximum uniform loading w, measured in lb/ft, that the cable can support if it is 
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capable of sustaining a maximum tension T,,,,, before it will break. 


Given: 


Tmax = 3000 Ib 


a = 50 ft 
b = 6 ft 
Solution: 
1 
y= Z| | w dx dx = ~~ ) 
Fy 2FH 
w 2 af 
= XxX > 
me 2FH ¥ \ 
a 
a wa { { { { { { { t 
XS = b =-_—— | te 
9 y H Bb . 
a “| 
dy wf(a 4b 4b 
(2) = tan( Omax) = ~(2) = a. Omax = san( 2) Omax = 25.64 deg 
Fy wae Tmax8b cos ( Omax) 
Lax = — > OF w = ——————_ w = 51.93 — 
cos ( Omax) 8b cos( Omax) a ft 


Problem 7-98 


The cable is subjected to a uniform loading w. Determine the maximum and minimum tension in 


the cable. 
Units Used: 
kip = 10° Ib 
Given: 
lb 
w = 250 — 
ft 
a = 50 ft 
b=6ft 
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Solution: 
wx w (a wa- 
ae oF iy (<) ee m 
d a wf(a wa 
tan( Omax) = 4 (x = ‘) = ~{2) Omax = vn( Omax = 25.64 deg 
FH 
Tmax = Tmax = 14.44 kip 
cos( Omax) 


The minimum tension occurs at @ = 0 deg 


Tmin = FH Tmin = 13.0 kip 


Problem 7-99 


The cable is subjected to the triangular loading. If the slope of the cable at A is zero, determine 
the equation of the curve y = f(x) which defines the cable shape AB, and the maximum 
tension developed in the cable. 


Units Used: 
kip = 10° Ib 


Given: 


w = 250 — 
t 


a = 20 ft 


b = 30 ft 


Solution: 


3 
=| crx te 
y 6b 1 2 
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Apply boundary conditions y = x = 0 and “y =0,x=0 Thus C;=Cy=0 
XxX 


3 3 
2208 set y=aq X= a= ue 
GF aD 6F yb 
2 2 
Fy = us Fy = 1.875 kip 0 = atan 
H 6a H , max OF izb 
FH 
Tmax = Tmax = 4.19 kip 
cos( Omax) 


Problem 7-100 


The cable supports a girder which has weight density y. Determine the tension in the cable at points 


A, B, and C. 


Units used: 
kip = 10° Ib 
Given: 


y = 850 — 


a 
I 
5 
> 


Lo 
Il 
RP 
S 
j=) 
> 


Solution: 


Guesses 
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ae sa 
Given c= Fy a= — (b — x1)" 


tan( Oa) = alee - b) 


“4 
Oa = val Ely - | 


tan( Oc) = a 


2FH Fy 


Chapter 7 
= Find(x1,Fq) FH = 36.46 kip 
Aq = —53.79 deg 
Oc = 44.00 deg 
TA 61.71 
Tp | =| 36.46 |kip 
he 50.68 


Problem 7-101 


The cable is subjected to the triangular 
loading. If the slope of the cable at 
point O is zero, determine the equation 
of the curve y = f(x) which defines the 
cable shape OB, and the maximum 
tension developed in the cable. 


Units used: 
kip = 10° Ib 


Given: 


TAL 
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Solution: 


3 
= Wx = wx 
i 6a FH dx 2aFy 
wa La 
Atx=ay=b b= Fy =—-w— Fy = 2343.75 lb 
6a FH 6 b 
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2 2 
—y= tan( Omax) aes (Omax) = atan ae (Omax) = 57.99 deg 
Tmax = sb Tmax = 4.42 kip 
cos( Omax) 


Problem 7-102 


The cable is subjected to the parabolic loading w = w,(1— (2x/a)*). Determine the equation y = f(x) 
which defines the cable shape AB and the maximum tension in the cable. 


Units Used: 


kip = 10° Ib | 


Ib 
a = 100 ft wo = 150 — 
ft 
b = 20 ft " 
Solution: 
1 
yee | | w(x) dx dx 
Fy 
1 x 
y=— | wolx-—~|+C; dx [, euanzy 
ei 3a Oe 
il | 
1 | wox x wo 
y=— = + Cyx+ Co 
Fy 2 3a 
dy 1 4wox 
— = —] wox- + C1 
dx Fy 3a 
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At x=0 —=0 Cy = 0 
dx 
At x=0 y=0 C2 =0 
Thus 
1 | wox X WO dy 1 4wox 
zens apa gi Gera” 256 
H 3a H 3a 
At ie we have 
2 4 5 
cae: ~($) wo (5) 5 | woa woa 
~ Fy] 2 \2 go 48| Fy He 48b 


woa 
Omax = atan}| —— Omax _ 32.62 deg 
3FH 


Tmax = 9.28kip 


Chapter 7 


Fy = 7812.50 Ib 


Problem 7-103 


The cable will break when the maximum tension reaches T,,,,,. Determine the minimum sag h if 


it supports the uniform distributed load w. 


3 


Given: kN = 10°N 
Tmax:= 10: KN te - 
7 n 
N aa } ht 
w = 600 — ) = 
a=25m | | Pe 
Solution: 


The equation of the cable: 


2 

1 1 | wx 
y= w dx dx pe ae 

Fy Fu\ 2 
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Boundary Conditions: 


1 
y =O atx =0, then from Eq.[1] 0= —(C2) Co =0 
FH 
d 1 
—y = 0 at x=0, then from Eq.[2] 0= —(C;) C, =0 
dx FH 
w d w w (a wfa & 
Thus, y= ee eed = —x h=— (<) Fy =— (<) 
2FH dx FH 2FH \2 2h \2 
tan( Omax) oe cos( Omax) = ca 
2FH 


| 4F H+ (wa)? 


Given Tmax = —— h = Find(h) h= 7.09 m 


Problem 7-104 


A fiber optic cable is suspended over the poles so that the angle at the supports is @ 
Determine the minimum tension in the cable and the sag. The cable has a mass density and 
the supports are at the same elevation. 


Given: " “ 
- ——— ———, = —— _ 
O = 22 deg j 
k 
p = 0.9 Ae 
m 
a=30m 
= 9.81 — 
g 5 
Ss hie 
Solution: 
Omax = 0 
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wo = Pg 


a 


d 2 
—y = tan\@) = sinh —- 
es (0) = sinh| wo = 


v5) 


Fy = ——=—~ Fy = 336 N 
asinh (tan ( 6) 
FH 
T, = — = T, = 363 N 
max cos( 0) max 
a 
Fy 105 
h = —| cosh] ——]|-1 h = 2.99m 
wo FH 


Problem 7-105 


A cable has a weight density y and is supported at points that are a distance d apart and at the 
same elevation. If it has a length L, determine the sag. 


Given: 
lb 
ese d = 500 ft L = 600 ft 
Solution: 


Guess Fy = 100 lb 


; es NEE lied 
Given — > —|—sinh| =| > || = 0 Fy = Find(Fy) Fy = 704.3 Ib 
FH 1 ¥ 
h = —| cosh] — —d| - h= 146 ft 
y 2 FH 


Problem 7-106 


Show that the deflection curve of the cable discussed in Example 7.15 reduces to Eq. (4) in 
Example 7.14 when the hyperbolic cosine function is expanded in terms of a series and only the 
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first two terms are retained. (The answer indicates that the catenary may be replaced by a 
parabola in the analysis of problems in which the sag is small. In this case, the cable weight is 
assumed to be uniformly distributed along the horizontal.) 


Solution: 
2 


x 
cosh(x) = 1+ Ti shi4 


Substituting into 


L 
Using the boundary conditions y= h at x= i 


2 2 
h = (=) F wee We get an 
= = — aX 
2Fy\2 He 8h A 2 


Problem 7-107 


A uniform cord is suspended between two points having the same elevation. Determine the 
sag-to-span ratio so that the maximum tension in the cord equals the cord's total weight. 


Solution: 


L 
At x=— | 
g / 
woL 
aa = tan( Omax) = int 2 = 
dx max 2FH we \ a 
= . te Viyt \ 
a état) (Se 
Pe ve 
1  ¢ 
cos( Omax) = . ) ous 
woL 
cosh] —— 
2Fy 
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Fy woL 
T; = —— wo2s = Fycosh| —— 
max cos( Omax) (0) H oF Hy 
woL woL 1 
2F sinh} —— | = Fycosh}| —— tanh) —— | = — 
ys 2FH Fy) 2 
woL 
kz = atanh(0.5) ky, = 0.55 — =k 
2FH 
L FH 
when x = — y=h h= —(cosh(kz) = 1) kp = cosh (kz) -1 
2 Wo kp = 0.15 
Fy 2Fh h ko ko 
h = kp| — L = ky] — ratio = — = —— ratio = —— p 
2 wo J wo L 2ky 2k] ratio = 0.14 


Problem 7-108 


A cable has a weight denisty ». If it can span a distance L and has a sag h determine the length of 
the cable. The ends of the cable are supported from the same elevation. 


Given: 
Cae L = 100 ft h = 12 ft 


Solution: 


From Eq. (5) of Example 7-15 : 


12 
| FH). vy (L FH) (1 
— =| — |sinh| —] — 1 = 2} — |sinh}| — y— l= 104 ft 
2 y FrR\2 y 2° FR 
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Problem 7-109 


The transmission cable having a weight density vis strung across the river as shown. Determine the 
required force that must be applied to the cable at its points of attachment to the towers at B and C. 


Units Used: 
kip = 10° Ib 
Given: 


] 
29 2 b = 75 ft 
ft 


— 
lI 


a = 50 ft c = 10 ft 


Solution: 


From Example 7-15, 


FH d 
y= — | cosh| _ eee | pee 
y FH dx Fry 


Guess Fy = 1000 lb 


FH ya . ; 
Given AtB: c = —| cosh] -— ]|-1 Fy = Find(Fy) Fy = 2.53 kip 
VA FH 
tan( Op) = ani] 6B = van( sin 22) OB = —22.06 deg 
FH FH 
b sit oO 
tan( Oc) = sinh} — Oc = atan| sinh} — Oc = 32.11 deg 
FH FH 
FH FH Tg 278 
TB = Tc = = kip 
cos( Op) cos( Oc) Tc 2.99 


Problem 7-110 


Determine the maximum tension developed in the cable if it is subjected to a uniform load w. 
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Units Used: 


MN = 10° 


Given: 


b= 20m 


S 
lI 


10 deg 


Solution: 


The Equation of the Cable: 


2 
1 1 
y= we) dxae= 2% 4 cynecy 
Fy Fr\ 2 


1 
ae = aa + C1) 


Initial Guesses: Cy =1N Co =1N-m FAH =1N 


Given Boundary Conditions: 


1 
x=0 0=—OC) tan( 6) = —(C} 
7 (1) 
Cj 
y=batx=a b= Bau at —|a 
2Fy Fy 
Cy 
C2 | = Find(Cy, Co, Fy) C, =0.22MN  Cy=0.00N-m Fy = 1.27MN 
Fy 
) 1 ) wa+Cj] 
tan( 0 =—(wa+C 0, = atan} ———— 0, = 12.61 de 
max Fy 1 max Py max g 
FH 
Tmax = Tmax = 1.30 MN 
cos( Omax) 
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Problem 7-111 


A chain of length L has a total mass M and is suspended between two points a distance d apart. 
Determine the maximum tension and the sag in the chain. 


Given: 


m 
L=40m M=100kg d=10m g = 9.81 — 


Solution: 


Guesses Fy =10N h=10m 


L {FH\. fwd FH wd FH 
Given — =| — |sinh}| — — h = —| cosh} — — | - = Find(Fy,h) 
2 Ww Fy 2 Ww Fy 2 h 


. w d FH 
Omax = atan| sinh} — — Le 
Fy 2 cos( Omax) 

Fy = 37.57 N h = 18.53 m Tmax = 492 N 


Problem 7-112 


The cable has a mass density p and has length L. Determine the vertical and horizontal components 
of force it exerts on the top of the tower. 


Given: 

k 

= 0.5 “8 

m 
L=25m 

@ = 30 deg 
d=15m 

= 9.81 — 

6 2 
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Solution: 


Performing the integration yields: 


Fy pgs+ C1 
xX = —| asinh} ————— | + Cp 
pg FH 


a =F 

At s=0; “ = tan(@) Hence Cj = Fyytan( 0) 
dy = Eas + tan( 6) 

dx Fy 


Applying boundary conditions at x = 0; s = 0 to Eq.[1] and using the result 
Cj =F tan( 6) yields Cp = —asinh (tan(6)). Hence 


Guess Fy =1N 


Given 


re [sil 2 oat n Frran(9)} esti (an(0) 


Fy = Find(Fy) Fy = 73.94 N 


AtA tan( 0a) = pgt + tan(@) Aq = atan pot + tan(@) Aq = 65.90 deg 
Fy FH 
as. geaer (0,) Fay = Fasin( a) aia Gar 
A cos( a) PS Fe ee eR ee Fay) \165.31 
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Problem 7-113 
A cable of length L is suspended between two points a distance d apart and at the same elevation. 
If the minimum tension in the cable is T,,,,,, determine the total weight of the cable and the 


maximum tension developed in the cable. 


Units Used: kip = 10° Ib 


Given: L = 50 ft d = 15 ft Tmin = 200 Ib 
Solution: Tmin = Fy Fy = Tmin Fr = 2001b 
Fy wox 
From Example 7-15: s = | —— |sinh} —— 
wo FH 
Ib 
Guess wo = 1— 
ft 
L_ (FH). .{ wod Ib 
Given — =| — |sinh}| — — wo = Find(wo) wo = 79.93 — 
2 wo FR 2 ft 
Totalweight = woL Totalweight = 4.00 kip 
wol = 
tan( 0 ) = be 0; = atan : 0; = 84.28 deg 
max Fy 2 max Fy max 7 
Then, 
FH 
Tmax = Tmax = 2.01 kip 
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Problem 7-114 


The chain of length L is fixed at its ends and 
hoisted at its midpoint B using a crane. If the 
chain has a weight density w, determine the 
minimum height h of the hook in order to lift 
the chain completely off the ground. What is 
the horizontal force at pin A or C when the 
chain is in this position? Hint: When h is a 
minimum, the slope at A and C is zero. 


Given: 

L = 80 ft 

d = 60 ft 

w = 0.5 = 

ft 

Solution: 
Guesses Fy = 10 Ib h=1ft 
Given 


Chapter 7 


: a d(h, Fx) Fa=Fy Fo=F = a 
= in i = — = 
Fy Fy i ee Fo) \ili 
tot 


Problem 7-115 


A steel tape used for measurement in surveying has a length L and a total weight W. How 
much horizontal tension must be applied to the tape so that the distance marked on the ground 
is a? In practice the calculation should also include the effects of elastic stretching and 


temperature changes on the tape’s length. 


Given: 
L = 100 ft 
W = 2 |b 
a = 99.90 ft - 
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Solution: 
Ib 
wo =— wo = 0.02— 
Guess Fy = 10 lb 
L (FH (Woa 
Given — —| —sinh| ——]|]=0 Fr = Find(Fy) Fy = 12.91b 
2 wo Fy 2 


Problem 7-116 


A cable of weight W is attached between two points that are a distance d apart, having equal 
elevations. If the maximum tension developed in the cable is T,,,,,, determine the length L of the cable 
and the sag h. 


Given: W=100lb d=s0ft Tmax = 75 lb 


Solution: 


Guesses Fy = 20lb L=20ft Omgx = 20 deg h=2 ft 


Given 
FL W d Wd 
h = —] cosh] —— —]|-1 tan( Omax) = sinh} —— — 
W FyL 2 FyL 2 
: FH i (FH) af (Wed 
= —_—__ —= sinh} —— — 
max cos(Omax) 2 Ww FL 2 
FH 
Find(Fy,L,max.h) FH = 55.90 Ib ‘ bea: 
= Fin phi; ; = 55. = t 
ae ass # h 10.61 
h Omax = 41.81 deg 


Problem 7-117 


Determine the distance a between the supports in terms of the beam's length L so that the moment in 
the symmetric beam is zero at the beam's center. 
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Solution: 


Support Reactions: 


pk 
lal 
+ 
a 
— 
5. ON 
N/a 
Say 
| 
Bw 
ror 
a 
— 
| 
i) 
' 
~ 


Internal Forces: 


wm Ie) i528) terol) 


tol ag 


By = (b+a) 
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Problem 7-118 


Determine the internal normal force, shear force, and moment at point D. 


Given: i, La a. 4 
: TU, 
w = 150 — a A . 
m hi ~ >. | 
a=4m ye ~S 
L. ’ J. | ee 
b=4m D> _F 
c=3m 
Solution: 


Guesses A= IN. Aya iN, Fae = iN 


Given i = | y 
A, } 4 
b (2% ) . 
ee ee ee, fo 
2 2 
V b° +c \ 


Ay — w(2a) + 


Cc 
= |Eae = 0 ” 
2 2: 
Vbo+c _ Mi 


w2aa — Ay(2a) = 0 5 a n 
t, , 
Ax Ax 800 
Ay | = Find(Ay, Ay. FBc) Ay |=| 600 | N 
FRc FRc 1000 


Guesses Np =1N Vp =1N Mp =1Nm 


a 
Given Ax + Np = 0 Ay -wa-—Vp=0 Aya + wal 9] +Mp =0 
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Np 
Np —800.00 
Vp | = Find(Np, Vp. Mp) = 


Mp 


) N Mp = 1200N-m 


Problem 7-119 


The beam is supported by a pin at C and a rod AB. Determine the internal normal force, shear 
force, and moment at point D. 


Units Used: 

kN = 10° N 
Given: 

F=4kN 

a=6m 

b=5m 

c=3m 

d=6m 

Fip 
Ni lite 

Solution: M, i 
Guesses 


Fap=1N Np=1N Vp=1N Mp=1Nm 


Given —-Fsin(6)(b+c+d) +| ——_-"_ — |Fap(b +0) = 0 


fa eb e)" 


a Fap + Fcos(8) =0 


Ja? +(b+0)" 
a 


Ja? +(b+0)" 


a 


-Np - 


Vp+ Fap — Fsin(6) = 0 


Fapc — Fsin(0)(c + d) -Mp = 0 
2 2 
a +(b+c) 
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FAB 
Np ND —6.08 
= Find(F4g.Np.Vp.Mp) - kN Mp = —12.99 kN-m 
Vp Vp =556 
Mp 


Problem 7-120 


Express the shear and moment acting in the pipe as a function of y, where 0 < y < b ft. 


Solution: x 


2B, = 0; wb-wy-V=0 wiv) ¥ 


V(y) = w(b- y) é D's ae 


b 
=M = 0; M+w{2) +02) + we $)-woy=0 


wiby (2) . win) (4) 
1 21 oak 
M(y) Sei ey ae ag ce 


2 


M(y) 


Ib 
edb =2 a 74 Ib- ft 


Problem 7-121 
Determine the normal force, shear force, and moment at points B and C of the beam. 


Given: kN = 102 N 
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a=5m F7 =6kN 
= N 
b=5m ee ee 
c=1im 

25 
d=3m = m 
Fy, =75kN M = 40 kN-m 


Solution: 


Guesses 


NG =1N VeoH=1N Mc=1Nm 


Given _ a | de) 
—-Nc = 0 Vco-wod-—F2=0 \ | 
M, 
d Sj 
—-Mc —w2 42) = Fod —-M=0 N, ee ) M 
Nc 
Lu 
Vc | = Find(Nc,Vc,Mc) 
(wy qf7) F 
Mc ~ (Wao Hal} 
FE. 
Nc 0.00 | | 
= kN Mc = -62.50kN-m 1 ) 
Vo 9.00 ———— 
WW 
Guesses Np=1N Vp=1N Mp=i1Nm sa | 
Given bit) (c+) 


—Np = 0 VB -w,b-w2(c+d) -F, -F2=0 (b) 


b d 
mp — wif 2) Fb wxe+ (b+ 4) Fo(b+c+d)-M=0 


NB 


B i ’ > . . 


Problem 7-122 


The chain is suspended between points A and B. If it has a weight weight density w and the 
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sag is h, determine the maximum tension in the chain. 


Given: 
w = 0.5 7 r oA 
L = 60 ft 
h = 3 ft 4 | 
Solution: 


Form Example 7-15 


i / 
—y = sinh (=) + = _ - 
FH sped etd 
. \e/ x a) 


Guess Fy = 1 |b 


; FH wl : 
Given h = —| cosh} —-—]-1 Fr = Find(Fy) Fy = 75.2 1b 
w Fy 2 
ds FH 
Omax = atan| sinh ae Tmax = —— Tmax = 76.7 |b 
Fy 2 cos( Omax) 


Problem 7-123 


Draw the shear and moment diagrams for | | | | | | | M 


the beam. 1 a 4 


Units Used: +. B a 
kN = 10° N L . nS i i 
Given: 
kN 
w =2— aqa=5m b=5m M = 50 kN-m 
m 


Solution: Guesses A=1N C=i1N 
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Given walb ‘) A(a+b)-M=0 


Chapter 7 


: = Find(A 
C = Find(A,C) 


x] 1 
Mi (xz) = [an — WX] ) 


A+C-wa=0 


Ma(x2) = [-M + Oa+ b ~ x9)} —— 


X1,X2 


Distance (m) 


X1,X2 


Distance (m) 
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Problem 8-1 


The horizontal force is P. Determine the normal and frictional forces acting on the crate of weight 
W. The friction coefficients are 44, and £4,. 


Given: 
W = 300 lb 
P = 80 lb 
Us = 0.3 
Mk = 0.2 
0 = 20 deg 
Solution: 


Assume no slipping: 
Zl xF,=0; — Pcos(8) — Wsin(0) + Fe = 0 
Fo = -P cos(6) + W sin(0) Fo = 27.Alb 


\ BF) = 05 Nc - Weos( 8) — Psin(@) = 0 


Nc = W cos(@) + P-sin(6) Nc = 3091b 
Check Fomax = LsNe Fomax => 92.8 lb 
Fomax > Fe 


Problem 8-2 


Determine the magnitude of force P needed to start towing the crate of mass M. Also determine 
the location of the resultant normal force acting on the crate, measured from point A. 


Given: 
M = 40 kg c = 200 mm fr 
jie= 03 23 a 


a = 400 mm e=4 


= al , 
~_ = 
aa ths = : =a tery 
7 x, A SJ 
AN | 
a." => 


b = 800 mm 
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Solution: 
Initial guesses: Nc = 200 N P=50N 
Given 
P N 0 
DF, =0; FF Hs NO Mig) 
x fea - 
eP 
LF, = 0; Nc -Mg + ——— _=0 
2 2 
d +e 
Nc 
= Find(Nc, P) N, 
P 
Nc = 280.2 N P=140N 
a eP b 
=M 9 = 0; —usNc| — | -N,zx+| ——- | — |] = 0 
2 ey ea he 
d +e 
-1 ig NOON 2e eR b 
x= oS = 123.51mm 
Nc a + = 


b 
Thus, the distance from Ais A = x+ 7s A = 523.51mm 


Problem 8-3 


Determine the friction force on the crate of mass M, and the resultant normal force and its 
position x, measured from point A, if the force is P. 


Given: 
M = 40 kg Hs = 0.5 P 
a = 400 mm Mk = 0.2 t 


iINZINsll c 


b = 800 mm d=3 a ie i > ZR 4 


c = 200 mm e=4 1_J i 
P = 300N ’ 
Solution: 


Initial guesses) FoO=25N Nc = 100N 
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Given 
d 
LF, = 0; irsed -~Fco=0 Mig) 
ae 
d +e 
Nc - Mg + P| —< 0 
= CG — ie 
=F, = 0; 7D 
yd +e 
FC 
= Find(Fc,Nc) FCmax = Hs Nc 
Nc 


Since Fc = 180.00 N > EG 30.5 
FCmax = 76.13 N _ then the crate slips Fe = ke Ne Nc eo ia ~ 


e d 
=M , = 0; No x + P| —_ Ja - P| ————_ |c = 0 
: a 2 2 2. 2 
d +e d +e 


-ea+dc 


x = —P| ———— 
Now de 
: b 
Since X=0.39m < cpm aa Xj =a+x Xz = 0.79 m 


Then the block does not tip. 


Problem 8-4 #9. FT 
The loose-fitting collar is supported by the pipe for which the B 
coefficient of static friction at the points of contact A and B is 44. , | ‘| i 
Determine the smallest dimension d so the rod will not slip when it |g 
the load P is applied. A , 
Given: 
Ls = 0.2 as P 
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Solution: ( ) 
P acs { ; 
d 2 SS 


=M, = 0; np d-P{1-2)—usNpd=0 Np = 
2 (1 - us) d : 
P 
d 
5 P Lins Fy 
=M, = 0; Na d+usNad-P(L+S)=0 Na = 
2 (1+ us) d 
d d 
Pp Pas er 
SF,=0; us (Na+ Np)- P= Ls —| ——— + =P 


Problem 8-5 


The spool of wire having a mass M rests on the ground at A and against the wall at B. 
Determine the force P required to begin pulling the wire horizontally off the spool. The 
coefficient of static friction between the spool and its points of contact is “4. 


Units Used: 
kN = 10° N 
Given: 
M = 150 kg 
Ms = 0.25 
a=045m 
b = 0.25 m 
Solution: 


Initial guesses: P = 100 N Fa = 10N Na = 20N Np =30N Fp=10N 
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Given 
Mig) 
XF,, = 0; Na+Fp-Mg=0 
2F, = 0; Fa-Npt+P=0 
=Mp = 0; Pb+Mga-Naa+Faa=0 
Fa = Hs NA FB = Hs NB 
Ny 
P 
F 
Fa A 0.28 
NA 1.12 
Fp | = Find(P,F4,FB,Na, Np) kN P =1.14kN 
‘ FB 0.36 
A 
NB 1.42 
NB 
Problem 8-6 


The spool of wire having a mass M rests on the ground at A and against the wall at B. Determine 
the forces acting on the spool at A and B for the given force P. The coefficient of static friction 
between the spool and the ground at point A is 4. The wall at B is smooth. 


Units Used: 


kN = 10° N 
Given: 

P=800N a=045m 
M=150kg b=025m 


Us = 0.35 


Solution: Assume no slipping 


Initial guesses: Fa = 10N Na = 10N Np = 10N 


Famax = 10N 
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Given 
LF, = 0; Fa-—Npt+P=0 
2A, =; Na-Mg=0 - 
f 
f 
=M y = 0; —-Pb+Faa=0 
\ ed 
FAmax = Hs NA . ee, F 
N , 
Fa ; 
ee Find(F4,F Na. Np) = ca 
= Find\l a, fA »4VA>4VNB ~< 
NA ne Famax 515 
NB If Fa =444N < Famax = 515 N 
then our no-slip assumption is good. 
NA 1.47 
= kN Np = 1.24kN 
Fa 0.44 
Problem 8-7 


The crate has a mass M and is subjected to a towing force P acting at an angle 0, with the 


horizontal. If the coefficient of static friction is 44,, determine the magnitude of P to just start the 
crate moving down the plane. 


Given: 
M = 350 kg 
0; = 20 deg P 
07 = 10 deg — 
Ms = 0.5 
=96i— 
g=4. 5 
S 
Solution: 


Initial guesses: Nc = 10N P = 20N 
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Given 


=F, = 0; P cos(@) + 02) — us Nc +M g sin(62) = 0 


LF, = 0; Nc-Mg cos( 2) +P sin( 0] + 0) =0 


Mie 
Ne Ie) 
= Find(Nc, P) 
P 
Nc = 2891 N 
P =981N 


Problem 8-8 


The winch on the truck is used to hoist the garbage bin onto the bed of the truck. If the loaded bin 
has weight W and center of gravity at G, determine the force in the cable needed to begin the lift. 
The coefficients of static friction at A and B are y, and “lp respectively. Neglect the height of the 


support at A. 
Units Used: 

kip = 10° Ib 
Given: 

W = 855 kip 

HA = 0.3 

HB = 0.2 

a = 10 ft 

b = 12 ft 

0 = 30 deg 
Solution: 


The initial guesses are T=11lb Np =1lb Na =11b 


yy 


N, nn 


| UMp=0; W b- Na (a+b) =0 
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+ x F,=0; T cos( 0) — wp NB cos( 6) — Ng sin( 6) — 4 Na = 0 
ts F,=0; Na - W+T sin(6) + Np cos(@) — wp Np sin(6) = 0 
sy 
NA 4.64 
Na | = Find(T, Na, Np) ~ kip T = 3.67kip 
Np 2.65 
NB 
Problem 8-9 


The motorcyclist travels with constant velocity along a straight, horizontal, banked road. If he 
aligns his bike so that the tires are perpendicular to the road at A, determine the frictional force 
at A. The man has a mass M; and a mass center at Gc, and the motorcycle has a mass M,,, and 


a mass center at G,,. If the coefficient of static friction at A is sz, will the bike slip? 


Given: = 
\ 
Mc = 60 kg 
Mm = 120 kg 
HA = 0.4 
O = 20 deg 
26 qr 
g=4. 9 
S 


Solution: Assume no slipping 


2F,=0; Na- (Mm + Mc)g cos( 8) =0 : 
Na = (Mm + Mc) g cos( 8) 
Na = 1659 N Mi, + MAM 


SF,=0; Fa-(Mm+Mc) gsin(0) 
Fa = (Mm+ Mc) gsin(@) 


F, = 604N 


Famax = HANA A 
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Check: If Fa =604N < Famax = 664N 


then our no-slip assumption is good. 


Problem 8-10 


The block brake is used to stop the wheel from rotating when the wheel is subjected to a 
couple moment M, If the coefficient of static friction between the wheel and the block is “,, 


determine the smallest force P that should be applied. 


a 


a a | 
| A h el 
} | 

\ 


Solution: —[— 


\ SMc=0; Pa-Nb+y5Nc=0 


& EM.=0;, (sr=Mo=0 


us Par 
= MO 
MsTa 


Problem 8-11 


The block brake is used to stop the wheel from rotating when the wheel is subjected to a couple 


771 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 8 


moment M, If the coefficient of static friction between the wheel and the block is 4, , show that the 
b 

brake is self locking, i.e., P <0, provided — < uw, 
Cc 
P 


\ ] be h - 


‘ X 
Solution: %& A 


| 2M, = 0; Pa-Nb+yu;Nc=0 


Pp 
Pa 
N = —— 
b- Us C L 
| 2M = 9; Us Nr-Mo=0 
Ms Par 
=M™O 
b-— Us C 
Nv 
a Mo (b - us c) pv | 
Ms ra ra M 


Mere) 
P<0Oif (b - usc) < 0 ie. if — < Us 
c 


Problem 8-12 


The block brake is used to stop the wheel from rotating when the wheel is subjected to a couple 
moment M, If the coefficient of static friction between the wheel and the block is “, , determine the 


smallest force P that should be applied if the couple moment M, is applied counterclockwise. 
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Solution: 
1 XMc = 0; 
| 2My = 0; 


Problem 8-13 


Chapter 8 


The block brake consists of a pin-connected lever and friction block at B. The coefficient of static 
friction between the wheel and the lever is 44, and a torque M is applied to the wheel. Determine if 


the brake can hold the wheel stationary when the force applied to the lever is (a) P, (b) P». 
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Given: 
Ls = 0.3 


M=5N-m 
a = 50 mm 
b = 200 mm — 
c = 400 mm al ‘ 


r = 150 mm 


P; =30N L b aL 2 
P> = 70N 


Solution: To hold lever: i. \\" 
/ 


\ 4 
~ ie hy 
N\ 


\ IMj=0; Fpr-M=0 


/ 


M 
Fp =— Fp = 33.333 N i 
r 
FB 
Require Np = — Np = 111.1 N 
Hs 


Np b+Fpa 
b+c 


(a) If Py = 30.00 N > PRegd = 39.81 N _ then the break will hold the wheel 


(b) If P2 = 70.00 N > PRegd = 39.81 N _ then the break will hold the wheel 


Problem 8-14 


The block brake consists of a pin-connected lever and friction block at B. The coefficient of static 
friction between the wheel and the lever is 44, and a torque M is applied to the wheel. Determine if 


the brake can hold the wheel stationary when the force applied to the lever is (a) P, (b) Py 
Assume that the torque M is applied counter-clockwise. 
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Given: 

Us = 0.3 
M=5Nm 
a = 50 mm 
b = 200 mm —— 
c = 400 mm at % A ' 
r = 150 mm 
P; =30N Li b 4h , Z 
P> = 70N 

Solution: To hold lever: 


M 
Fp =— Fp = 33.333 N 
r 
FB 
Require Ng = — Np = 111.1 N 
Ls 


Np b-Fpa 


P = 34.3 N 
b+c Bead 


Ee Reqd = 


(a) If Py =30.00N > PRegd = 34.26 N _ then the break will hold the wheel 


(b) If P2 = 70.00 N > PRegd = 34.26 N _ then the break will hold the wheel 
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Problem 8-15 


The doorstop of negligible weight is pin connected 
at A and the coefficient of static friction at B is 44. 
Determine the required distance s from A to the 
floor so that the stop will resist opening of the 
door for any force P applied to the handle. 


Chapter 8 


#-/<——P 


Given: 
Ms = 0.3 
a=1.5in a 0 
> SIA 
| <_ 
B 
Solution: F 
cds Ss . A 
ZF,=0; Ng-|—=—=| Fa = , 
2 2 
s +a ; 
Ot - 
a <i Fy 
2F,=0; us Ng-| === | Fa = 
2 2 f 
s +a 
Ny 
Us S a F 
: Ry P= 6 4 
s +a s +a La 
ef 
Ms S= a s=— s = 5.00in Fy Cf 


Problem 8-16 


The chair has a weight W and center of gravity at G. It is propped against the door as shown. 
If the coefficient of static friction at A is 44,, determine the smallest force P that must be 


applied to the handle to open the door. 
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Given: 

HA = 0.3 

a = 1.20 ft 

b = 0.75 ft 

c = 3ft 

0 = 30 deg 

W = 10 lb 

z 

Solution: 
Guesses By = 11b Na = 11b P=11b 
Given 


2F,=0; -P+yua Na =0 
2~Fy=0; Na-W-By=0 


=M,=0; wa Nac cos(@) —-Nac sin( 0) +W [(c - a)sin( 8) + bcos(6)] =0 


Na | = Find(By, Na, P) 


P 
\é 
By = 11.51b 
Ng = 21.5]b 
P = 6.45 lb 


Problem 8-17 


The uniform hoop of weight W is suspended from the peg at A and a horizontal force P is 
slowly applied at B. If the hoop begins to slip at A when the angle is @ , determine the 
coefficient of static friction between the hoop and the peg. 
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Given: = 
- =~ 
SP Ss YQ, 
/, | 
0 = 30 deg Mh oe) \ 
i if \ \ 
| } i) 
| 
i r i 
XX 4 
% . : ZA 
Sa p 
B : 
Solution: 


=F,=0; yu Ng cos(6) +P — Ng sin(6) =0 


P= (u cos( 6) = sin(6))Naq 


ZFy=0; yw Na sin(@) - W+ Ng cos(6) = 0 
W = (uw sin(@) + cos(6))Nq 

=M,=0; —-Wrsin(6) +P (r+rcos(6)) =0 
Wsin(6) = P(1 + cos()) 


(u sin(@) + cos( 6))sin( 6) = (sin(@) —u cos(6))(1 + cos(6)) 


= —— ut = 0.27 


Problem 8-18 


The uniform hoop of weight W is suspended from the peg at A and a horizontal force P is 
slowly applied at B. If the coefficient of static friction between the hoop and peg is 44, 


determine if it is possible for the hoop to reach an angle @ before the hoop begins to slip. 
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Given: ———— 
a SN. 
= 0.2 y oe i, 
Hs VA tA \ 
0 = 30 deg i 
\ i r } ) 
®y = Ye 4 
Solution: 
2F,=0; pw Na cos(@) + P — Ng sin(0) = 0 
P= (u cos( 8) - sin(6)) NA 
ZFy=0; yw Ng sin(@) - W+ Ng cos(6) = 0 
We (u sin( 6) + cos(6)) Na 
=M,=0; —-Wrsin(6) +P (r+rcos(6)) = 0 


W sin( 6) =P (1 + cos( 6)) 


(u sin( 6) + cos( ))sin( 6) = (sin(@) —u cos(6))(1 + cos(6)) 


sin( 0) 
= SS i= 0.27 
1+ cos( 6) 


If “sy = 0.20 < s2= 0.27 thenit is not possible to reach @ = 30.00 deg. 


Problem 8-19 


The coefficient of static friction between the shoes at A and B of the tongs and the pallet is ,, and 


between the pallet and the floor 4,5. If a horizontal towing force P is applied to the tongs, 


determine the largest mass that can be towed. 
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Given: 

Ms1 = 0.5 a = 75 mm 

Uso = 0.4 b = 20 mm 

P=300N cz=30mm 


m 
g= 9.81 > 0 = 60 deg 
s 


Solution: 


Assume that we are on the verge of 
slipping at every surface. 


Guesses 
T =1N Na = 1N 


Fa =1N_ mass = 1kg 


Given 


2 T sin(@)-P =0 


-T sin(0) (b+ c) ~ T cos(6) a-Fab+Naa=0 
Fa = Us1 NA 

2Fa-F=0 

Nground — massg = 0 


F = us2 Nground 


as 
Db’ het 


= Find(T,Nq,Fa,F,Nground.mass) MIUsS & 


ae rT 
mass 
ann 


2 
7 
a 
= 
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ti 173.21 
NA 215.31 
Fa =| 107.66 | N mass = 54.9 kg 
F 215.31 
Neate 538.28 


Problem *8-20 


The pipe is hoisted using the tongs. If the coefficient of static friction at A and B is /,, determine the 
smallest dimension b so that any pipe of inner diameter d can be lifted. 


Solution: 
W 
W-2Fp=0 | : 
Ww d i? 
— | b-Ngh-Fpgl|—|=0 
Thus 
ee 
B= 2 rh, h 
, 
Np 
W (2 b-d) 
Nz = ———— 
4h ’ 
My 
Require 
W Hs W (2b-d) te ol 
Fp < usNB — < ——____ 2h < us (2b-d) b>—+-— 
2 4h we 2 


Problem 8-21 


A very thin bookmark having a width a. is in the middle of a dictionary of weight W. If the 
pages are b by c, determine the force P needed to start to pull the bookmark out.The coefficient 
of static friction between the bookmark and the paper is /,. Assume the pressure on each page 


and the bookmark is uniform. 
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Given: 
a=1in 
W = 10 lb 
b = 8in 
c = 10in 
Ms = 0.7 

Solution: 


Pressure on book mark : 


vp 

1 W lb 
P=-— P = 0.06 — 
2 bec ee 

in r 

+ ro 
Normal force on bookmark: N=Pca Fr 
F=yu,N F = 0.441b P 


LF, = 0; P-2F=0 P =2F P = 0.88 1b 


Problem 8-22 


The uniform dresser has weight W and rests on a tile floor for which the coefficient of friction 
is 4,. If the man pushes on it in the direction @ determine the smallest magnitude of force F 


needed to move the dresser. Also, if the man has a weight W,,,,,,, determine the smallest 
coefficient of static friction between his shoes and the floor so that he does not slip. 


Given: 
W = 90 lb 
Hs = 0.25 
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Wman = 150 Ib 
O = 0 deg 
Solution: 
Dresser: Guesses Np = 1lb F = ilb mn 
Given 
i, | 
+z F,=0; Np - W-F sin(6) = 0 ——= 
4 fy Nyy 
Np 
+ 
—> > F,=0; F cos(6) — 5 Np = 0 
Np 
= Find(Np, F) F = 22.501b 
F 1) 


Man: Guesses Nm = 1lb Mm = 0.2 ee 


Given . | 
; / A | 
4 Fy=0) Nm- Wman + F sin(@) = 0 (LL 
—> 1, \, 
+ ty, 
—> 2 F,=0; —F cos( 0) + Lim Nm = 0 
Nm 
= Find(Nm. 4m) Lm = 0.15 
Hm 


Problem 8-23 


The uniform dresser has weight W and rests on a tile floor for which the coefficient of friction 
is 4. If the man pushes on it in the direction @ determine the smallest magnitude of force F 


needed to move the dresser. Also, if the man has a weight W,,,,,, determine the smallest 
coefficient of static friction between his shoes and the floor so that he does not slip. 


Given: 


W = 90 lb 


783 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics 


Ms = 0.25 

Wman = 150 Ib 

6 = 30 deg 
Solution: 
Dresser: Guesses Np = ib F = 1lb 
Given 

+z F,=0; Np-W-F sin(6) = 0 


—“ysF.=0;  Fcos(6)-y,Np=0 


N 
a = Find(Np, F) F = 30.36 Ib 
F 


Guesses Nm = ib Mm = 0.2 


Man: 

Given 

+4 Fy=0) Nm- Wman + F sin(@) = 0 

+ 

— 2 F,=0; ~F cos( 6) + sm Nm = 0 

Nm 
= Find(Nm,/m) Lm = 0.195 

Hm 


Chapter 8 


Problem 8-24 


The cam is subjected to a couple moment of M. Determine the minimum force P that should be 


applied to the follower in order to hold the cam in the position shown.The coefficient of static 


friction between the cam and the follower is z,. The guide at A is smooth. 
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Given: P 
a = 10 mm ‘9 
b = 60 mm 
M=5Nm 
Hs = 0.4 

Solution: 


2M,)=0; M-ws Np b-aNp=0 


Sj M 
Bo ee 
Us b+a 
Np = 147.06 N 
Follower: r 


LF,=0; Ng-P=0 


Problem 8-25 


The board can be adjusted vertically by tilting it up and sliding the smooth pin A along the vertical 
guide G. When placed horizontally, the bottom C then bears along the edge of the guide, where the 
coefficient of friction is 44. Determine the largest dimension d which will support any applied 


force F without causing the board to slip downward. 


Given: 
Ms = 0.4 
a = 0.75 in 
b = 6in 


785 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 8 


A 


Es Top view 


en - | 
Solution: c — - 
side view 
+42 F,=0; " 
4 A 
Us NC- F=0 else — r 
G A, iy 
ee Thip viesy | | 4 
' AY; | \;* 
, . | sf + 
rey, 
-F b+dNco-us Nc a=0 
Solving we find —usb+d-puw,a=0 d = Us (a+b) d = 2.70in 


Problem 8-26 


The homogeneous semicylinder has a mass m and mass center at G. Determine the largest angle 0 
of the inclined plane upon which it rests so that it does not slip down the plane. The coefficient of 
static friction between the plane and the cylinder is “,. Also, what is the angle ¢ for this case? 


Given: 


AN4, 


Hs = 0.3 


Solution: 


The semicylinder is a two-force member: 


Since F=uN 


Hs N 


tan( 0) = = Us 
0 = atan({/s) 
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W 
re | 
6G= 16.7 deg ae P ; 
mw L\ h / 
Law of sines a “y | \ a / 6 
STR? — 
ale Sn \ 
r _ 3a f 4 \ 
sin(180 deg- ¢) __sin(0) R 
3m 
¢@ = asin (= 0) 
4 
¢ = 42.6 deg 


Problem 8-27 


A chain having a length L and weight W rests on a street for which the coefficient of static 
friction is 44. If a crane is used to hoist the chain, determine the force P it applies to the chain 


if the length of chain remaining on the ground begins to slip when the horizontal component is 
P,. What length of chain remains on the ground? 


Given: 
L = 20 ft 
lb 
W = 8 — 
ft 
Hs = 0.2 
P, = 10 lb 
. P tr 
Solution: ) 


LF,=0; —-Py+ fs Nc =0 


— WL 
p Se 
Px Pe 
Ne =— i re 
Hs _ 
Ne = 50.00 1b 


SFy=0; Py-WL+Ne=0 
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Py =WL-N¢ 
Py = 110.00 Ib 

aw, 
P =,/ Py + Py 
P = 1101b 


The length on the ground is supported by Nc, = 50.00 Ibthus 


Nc 
aaa 
Ww 
L = 6.25ft 


Problem 8-28 


The fork lift has a weight W, and center of gravity at G. If the rear wheels are powered, 


whereas the front wheels are free to roll, determine the maximum number of crates, each of 
weight W, that the fork lift can push forward. The coefficient of static friction between the 


wheels and the ground is s/,and between each crate and the ground is y/',. 


Given: 
W1 = 2400 lb 
Wo = 300 Ib 
Ms = 0.4 
M's = 0.35 
a = 2.5 ft 
b = 1.25 ft et an 
c = 3.50 ft —$ > 
Solution: np 
Fork lift: | 
=Mp=0; W, c— Na (b+c) =0 —— P 
( —— 
B 


Na = W} ) Na = 1768.4 1b 


<F,=0; wsNq-P=0 
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P=4u;Na P = 707.37 Ib 
Crate: W; 
mee gy hee 

Nc = Wo Ne = 300.00 Ib 
XF,=0; P'- yw; No =0 inte) 

P' = u'; Ne P' = 105.00 lb 

N; 
P 

Hs n= a n= 6.74 n = floor(n) n= 6.00 


Problem 8-29 


The brake is to be designed to be self locking, that is, it will not rotate when no load P is applied 
to it when the disk is subjected to a clockwise couple moment M,. Determine the distance d of 


the lever that will allow this to happen. The coefficient of static friction at Bis 4. 


Given: 


AG} A, 
a = 1.5 ft 
4 
| , 
b = 1 ft P a Pr 
Us = 0.5 ~— a—~+-—_a 1 1 a ee! " 
‘4 _ B - | 
a ! 
\ fh M, HyNal 
f oN \ 
OB) | 
\ Oh) } Vie 
| | ae 
pM . 
Solution: . 
xM = 0; Mo - Hs Np b=0 iy) 
Mo 
Np= 
Hs b 


=2M,=0; P2a-Npa+yu; Np d=0 
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P=0 

fe 
Hs 

d = 3.00 ft 


Chapter 8 


Problem 8-30 


The concrete pipe of weight W is being lowered from the truck bed when it is in the position 
shown. If the coefficient of static friction at the points of support A and B is yz, determine 


where it begins to slip first: at A or B, or both 


at A and B. 


Given: 
W = 800 lb a = 30 in 
Hs = 0.4 b = 18 in 
0=30deg c=S5in 
r= 15in 
Solution: 
initial guesses are 
N,q = 10 lb Ng =10lb Fa, = 101b Fp = 10 lb 
Given Assume slipping at A: 
=F, = 0; Na+Fp-W sin(@) = 0 
ZF y= 0; Fa +Np-W cos(6) =0 
& YM,=0;  Fgr-Far=0 
Fa = Us NA 
NA NA 285.71 
Np Find(Na.Np.Fa,Fs) NB 578.53 | 
= in ¥ 9 ° = 
Fa ae eee, Fa 114.29 
Pa ie 114.29 
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At B, 


FBmax = Hs NB 


Since Fg = 114.29lb < FRBmax = 231.411b then we conclude that slipping begins at A. 


Problem 8-31 


A wedge of mass M is placed in the grooved slot of an inclined plane. Determine the maximum 
angle @for the incline without causing the wedge to slip. The coefficient of static friction 
between the wedge and the surfaces of contact is 44. 


Given: <4 
M =5kg \ y 
f A , 
Hs = 0.2 / he y, 
g = 60d A he V ‘ 
g= 9.81 = f . y 
S de A y. 
/ ff y y 
Solution: /\ & 
f Ja 
Initial guesses: y 4 4: > 
C¢ he aa 
Nw=10N 6 = 10 deg oa 
Given <P 


2F,=0; Mg sin(6)-2 us, Nw =0 : 


=F,=0; 2Nw sn( $) ~M g cos(6) =0 


= Find(Nw, 6) 


0 


Solving, 


Nw = 45.5 N 


6 = 21.8deg 
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Problem 8-32 


A roll of paper has a uniform weight W and is suspended from the wire hanger so that it rests 
against the wall. If the hanger has a negligible weight and the bearing at O can be considered 
frictionless, determine the force P needed to start turning the roll. The coefficient of static 
friction between the wall and the paper is 44. 


Given: 
W = 0.75 lb 
@ = 30 deg 
@ = 30 deg . 
Hs = 0.25 ig 
a=3in 
Solution: 
Initial guesses: a) 


R = 100 lb Nag = 100 lb P = 100 lb 


Given 
=F, = 0; Na — R sin(¢) +P sin() = 0 
LF, = 0; R cos(¢) —-W-P cos( 6) — Us Na = 0 \ 
=M) = 0; Hs Naa-Pa=0 
Solving for P, 

R 

Na | = Find(R, Na, P) 

P 

R=1.14lb Na = 0.51 Ib P=0.131b 


Problem 8-33 


A roll of paper has a uniform weight W and is suspended from the wire hanger so that it rests 
against the wall. If the hanger has a negligible weight and the bearing at O can be considered 
frictionless, determine the minimum force P and the associated angle @needed to start turning 
the roll. The coefficient of static friction between the wall and the paper is 44. 
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Given: 
W = 0.75 Ib 
@ = 30 deg 
Ms = 0.25 
r=3in \ = 
AW) 
eas” 
Solution: 
ZF, = 0; Na - R sin(¢) +P sin() = 0 i 


ZF, = 0; R cos(¢) — W- P cos(6) — ws Na = 0 
xMo = 0; Us Nar-Pr=0 


Solving for P, 


Hs W sin(¢) 


= eea(g) = fan 19) en) 


For minimum P we must have 


dP ~us" W sin( 4) cos(0 - 4) 
a Sa 0 Implies cos(@— d) =0 
(cos(g) + us sin(— ¢) - 14s sin(¢)) 
One answer is 0 = $+ 90 deg @ = 120.00 deg 
us Wsin(9) 
pre P = 0.0946 lb 


Problem 8-34 


The door brace AB is to be designed to prevent opening the door. If the brace forms a pin 
connection under the doorknob and the coefficient of static friction with the floor is 44, determine 


the largest length L the brace can have to prevent the door from being opened. Neglect the weight 
of the brace. 


Given: 
Ls = 0.5 
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a=3ft 


Solution: 


The brace is a two-force member. 


Ms N = ae . 4 A, 
N a 
\ 
[2 ae 
2 
=a 


Ms a = = \ 


L 


am oN 
| 7 ; He 
1+ Us Vi? — a" N\ 


L = 3.35 ft 


Problem 8-35 


The man has a weight W, and the coefficient of static friction between his shoes and the floor is 
H,. Determine where he should position his center of gravity G at d in order to exert the maximum 
horizontal force on the door. What is this force? 


Given: 
W = 200 lb 
Ms = 0.5 
h = 3 ft 
Solution: 
N-W=0 N=W N = 200.00 Ib 
Fmax = LsN Fmax = 1001b 
+ 


—> LEH 0; P — Fmax = 9 


P = Fimax P = 1001b 


h 
Q! Mo = 0; Wd-Ph=0d=P— d= 1508 
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Problem 8-36 


In an effort to move the two crates, each of weight W, which are stacked on top of one 
another, the man pushes horizontally on them at the bottom of crate A as shown. Determine 
the smallest force P that must be applied in order to cause impending motion. Explain what 
happens. The coefficient of static friction between the crates is 4, and between the bottom 


crate and the floor is 4,'. 


Given: “ a 
W = 100 lb _— t 
Ls = 0.8 
h 
Ms = 0.3 
a = 2 ft 
' 
b = 3 ft 
h 
Solution: 
Assume crate A slips: 


2Fy=0; Na-W=0 Na = W Na = 100.00 lb 


Z=F,=0; P-ws Na=0 Py =us NA P; = 80.00 lb 
Assume crate B slips: 


=F, = 0; Np-2W=0 Np =2W Np = 200.00 Ib 
=F,=0; P-yp's Np=0 P> = u's Np P»> = 60.001b 
Assume both crates A and B tip: 
a a 
=M = 0; 2w(Z)-pp=o ps = w(2) P3 = 66.7 1b 


P = min(P7,P2,P3) P = 60.00 lb 


Problem 8-37 


The man having a weight of W, pushes horizontally on the bottom of crate A, which is stacked 
on top of crate B. Each crate has a weight W>. If the coefficient of static friction between each 


crate is 44, and between the bottom crate, his shoes, and the floor is uy determine if he can 


cause impending motion. 
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Given: 
W, = 150 lb 
W2 = 100 lb 
a = 2 ft 
b=3 ft 
Hs = 0.8 
H's = 0.3 


Assume crate A slips: 


2FY,=0; Na-W2=0 Na = W2 


<F,=0; P-psNa=0 Py = Us NA 


Assume crate B slips: 


ZF,=0;  Ng-2W2=0 Np = 2 Wo 


=F,=0; P-y's Np=0 P> = u's NB 


Assume both crates A and B tip: 


a 


a 
=M = 0; 2W2(2)-Po=o P3 = Wo — 


Pmin = min(P,P2,P3) — Pmin = 60.00 1b 
Now check to see if he can create this force 
=F,=0;  Nm- Wy =0 Nm = W1 
=F, = 0; Fm — Pmin = 9 Fm = Pmin 
Fmmax = H's Nm 


Since Fy, = 60.00 lb > 


Fmmax = 45.001b then the man cannot 
create the motion. 


Na = 100.001b 
P1 = 80.00Ib 
Np = 200.001b 
P> = 60.00 1b 
P3 = 66.7 1b 
W) 
(SK 4 


Chapter 8 
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Problem 8-38 


Chapter 8 


The crate has a weight W and a center of gravity at G. Determine the horizontal force P required 
to tow it.Also, determine the location of the resultant normal force measured from A. 


Given: ; 
a = 3.5 ft 
b=3ft a 
c=2 ft 
W = 200 lb ss 
h=4ft 
Us => 0.4 b 
Solution: 
LF’, = 0; P=Fo 
IPF, = 0; No=W 
No = 200.00 1b 
=M, = 0; -Ph+Wx=0 
Fo = Us No 
Fo = 80.00 Ib 
P=Fo 
P = 80.00 lb 
h 
x =P — 
WwW 
x = 1.60 ft 


The distance of No from A is 


c-x=0.40ft 


NA 


‘2 “ SLELEILLIELLLSSESOLESILLGES ms | LSPS LLLP LES LoD P 
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Problem 8-39 


The crate has a weight W and a center of gravity at G. Determine the height h of the tow rope 
so that the crate slips and tips at the same time. What horizontal force P is required to do this? 


Given: . 
a = 3.5 ft 
b =3 ft a 
c=2 ft 
W = 200 lb ! 
h=4 ft 
b 
Us => 0.4 
a : 
Solution: 


SFy=0; Na =W 


W 


Na = 200.00 Ib 
P 
LF = 0; P=F, 
P.= LN; Fa = Us W | . 
| 
F,=80.00lb P=80lb —-'———// 


=M ,= 0; —-Ph+Wc=0 : . Ny 


hi Was: Aa soon 
P 


Problem 8-40 


Determine the smallest force the man must exert on the rope in order to move the crate of mass M. 
Also, what is the angle @ at this moment? The coefficient of static friction between the crate and the 


floor is 44. 
Given: 
M = 80 kg 
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Us = 0.3 
a = 30 deg 
B = 45 deg 
9.81 — 
g=4. 9 
S 
Solution: The initial guessesare T; =1N Nc =1N_ 0= 30 deg T=1N 
Given 
Nc-M g+T1 cos(6) = 0 ry 
@ 
Us Nc -T; sin(@) = 0 . Ae 
My 
T cos() -T cos(a) +T] sin( 6) =0 
Fe = phy Ny 


T sin(B) +T sin(@) -T] cos( 6) =0 


N, 
T 
T} 
= Find(T,T;,Nc, 4) T = 451.86 N 
Nc 
6 6 = 7.50 deg 


Problem 8-41 


The symmetrical crab hook is used to lift packages by means of friction developed between 
the shoes Aand B and a package. Determine the smallest coefficient of static friction at the 


shoes so that the package of weight W can be lifted. 


Given: 
a=1ft 
b = 2 ft 
c = 0.8 ft 
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d=1ft 


0 


45 deg 
Solution: 
From FBD (a) 


SF,=0; W=2 Fsin(9) 


From FBD (b) 


©Mp=0; wNgpd+Nga-F sin(6) c-F cos(6) b=0 


Ww 
u Np d+Npa-——~ 


From FBD (c) 


ZF,=0; 2 Ngp-W=0 


2 


aera 


(ene a) _w=0 


Chapter 8 


“ Y 


(a) 


a 
————— = 0.56 
c+b cot( 8) —d WNy  peNy 

be 

Ny Nis 
W 
tel 

Problem 8-42 


The friction hook is made from a fixed frame which is shown colored and a cylinder of negligible 
weight. A piece of paper is placed between the smooth wall and the cylinder. Determine the 
smallest coefficient of static friction “at all points of contact so that any weight W of paper p 
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can be held. 
Given: 
hi 
@ = 20 deg 
vf he W 
Solution: 
iH) 
Paper: 
=n: V —, 
ih x Fy=0; Fao 
io 
F+F = 0 F= i Ye oe 
+ == 2 Ww yr Fr osu 
WwW 
F=uN N=— 
2u 
Cylinder: 
WwW 
F'r-|—Jr=0 F'= 
2 


l=u sin( 0) + cos(6) 


1- cos( 8) 
sin( 6) 


ut = 0.176 


Problem 8-43 


The crate has a weight W, and a center of gravity at G. If the coefficient of static friction 
between the crate and the floor is “z,, determine if the man of weight W,can push the crate to 
the left. The coefficient of static friction between his shoes and the floor is /’,. Assume the 
man exerts only a horizontal force on the crate. 
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Given: 

W, = 300 lb 
Hs _ 0.2 

M's = 0.35 


a=45ft c=3ft 


b=3.5ft d=45 ft 


Solution: 
LF, = 0; Nc -W, =0 Nc = Wi 
LF,=0; wsNc-P=0 P = usNc 
Pd 
=Mo=0; -Wyx+Pd=0 x=— 
Wi 
= 
Since x = 0.90ft < a= 4.50ft 
there will not be any tipping. 
LF y= 0; Nm-W2=0 Nm = W2 Nm = 200.00 1b W, 
LF, = 0; P-F,=0 Fy =P Fm = 60.00 Ib 7 
m m m a nl 
r <A 
Fmmax = !’sNm — Fmmax = 70.001b Bes 


Since Fy, = 60.001b < Fimmgx = 70.00 1b then the 
man can push the crate. 


Problem 8-44 


The crate has a weight W, and a center of gravity at G. If the coefficient of static friction 
between the crate and the floor is “z,, determine the smallest weight of the man so that he can 


push the crate to the left. The coefficient of static friction between his shoes and the floor is 
H',. Assume the man exerts only a horizontal force on the crate. 
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Given: 
W, = 300 lb 
Wo = 200 |b 
Hs = 0.2 
H's = 0.35 


a=45ft c=3ft 


b=3.5 ft d=45 ft 


Solution: 
LF, =O; Nc - W, =0 
LF,=0; wsNc-P=0 


=Mp=0; —-W1x+Pd=0 


Since xX = 0.90 ft < a= 4.50ft 


there will not be any tipping. 


LF,=0; P-Fm=0 


Fm = 60.00 Ib 


Nm = 171.4 1b 


W> = 171.41b 


W: 


Chapter 8 


Problem 8-45 


The wheel has weight W, and rests on a surface for which the coefficient of friction is 4p. A 
cord wrapped around the wheel is attached to the top of the homogeneous block of weight W<. 
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If the coefficient of static friction at D is zp determine the smallest vertical force that can be 
applied tangentially to the wheel which will cause motion to impend. 


Given: 

Wa = 20 lb P 

HB = 0.2 Ma . 
/ 
( \ 

Wc = 30 Ib , S 
\ hf? y 

HD = 0.3 ‘S “ 4 

B 
h = 3 ft 
b= 1.5 ft 


Solution: | Assume that slipping occurs at B, but that the block does not move. 


Guessss P=1]lb Ng=1lb Fgp=1lb T=1lb Np=1b Fp=1b 


x=1ft 
F h 
Given Np - Wa-P=0 T-Fp=0 (P-T-Fp)> =0 
Fp = up Np -T+Fp=0 Np - Wc = 0 
Th-Npx=0 
‘ P 
Np 13.33 
NB] | 33.33 
FB 
T | = Find(P,Ng,Fg.T.Np.Fp,x) i aaa: 0.67 f 
= In > > gt > »X = X= Uz. t 
N nee pi T 6.67 
D 
Np 30.00 
F 
D Fp 6.67 
x 


Now checke the assumptions Fpmax = UDNpD 


Since Fp = 6.671b < Fpmax = 9.001b then the block does not slip 
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b 
Since x = 0.67 ft < ie 0.75 ft then the block does not tip. 


So our original assumption is correct. 


P = 13.33 1b 


Problem 8-46 


Determine the smallest couple moment which can be applied to the wheel of weight W, that will 
cause impending motion. The cord is attached to the block of weight W,, and the coefficients of 
static friction are fp and Lup. 


Given: Lei gen stall 


W, =20lb a=15ft 
W2 =30lb b=3ft 
up=02 c=15tt 


Lp = 0.3 


Solution: 


For the wheel : Assume slipping occurs, 


XP), = 0; Np - Wz =0 Np = Wi Np = 20.00 lb 
\ 
LF, = 0; T-yupNp=0 T = upNp T = 4.001b Ss paytNp) 
=Mp= 0; M — T2a = 0 M = T2a M = 12.00 lb-ft | 
Ny, 
For block 
=F, = 0; Np-W2=0 Np=Wo Np = 30.00 1b 6: 
: | 
[ae 
SF, = 0; Fp-T=0 Fp =T Fp = 4.00 lb | 
hl | 
b Ly | 
=Mo = 0; Tb-Npx=0 x=T— x = 0.40 ft ait 
Np fy | 
\ 
FDmax = HDND FDmax = 9.00 1b Nyy 


Since Fp = 4.001b < Fpmax = 9.00 lb then the block doesn't slip 
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c 
Since x = 0.40 ft < aie 0.75 ft then the block doesn't tip. 


Thus neither slipping nor tipping occurs for the block, and our assumption and answer are 
correct. 


Problem 8-47 


The beam AB has a negligible mass and thickness and is subjected to a triangular distributed loading. 
It is supported at one end by a pin and at the other end by a post having a mass m, and negligible 


thickness. Determine the minimum force P needed to move the post. The coefficients of static 
friction at B and C are //p and “i, respectively. 


Given: 


Mp =50kg a 


HB = 0.4 b= 
Hc = 0.2 c= 
w = 800 — d= 
m 
= 9.81 — =4 
g 5 e 
s 
Solution: 
Member AB: 
1 2a 1 
\ EM,=0;  -|Swal[ | +Nga=0 Np=Zwa Np = 533.33 N 
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Post: 
4. (whic) 
Assume slipping occurs at C: Fo = ucCNc ¥ | —— 
A —<+—c— — 
The initial guesses are f i 2 Pr 
P=1N Nc =1N Fp =1N A, Np 
r u 
Given 


Ny 
=€ 
——— P Fp(b =0 t 
72 c+Fp(b +c) =. fog 


P—Fp-ucNc=0 iM 

SS B-HCNc ore 

d +e t 
N. 

P+Nc-—Np-mpg=0 

2 

e +d 

P 

Nc | = Find(P,Nc, Fp) P = 354.79 N 

FB 


Now check to see if the post slips at B. Famay = “B NB 
Since Fp =122N < Fpmax = 213 N then our assumptions are correct 


P= 355 N 


Problem 8-48 


The beam AB has a negligible mass and thickness and is subjected to a triangular distributed loading. 
It is supported at one end by a pin and at the other end by a post having a mass m, and negligible 
thickness. Determine the two coefficients of static friction at B and at C so that when the 

magnitude of the applied force is increased to P the post slips at both B and C simultaneously. 
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Given: 

Mp = 50 kg 

P=150N 
N 

w = 800 — 
m 

a=2m 

b = 400 mm 


Solution: Member AB: 
1 2a 
—-~wa— + Npa=0 
1 
Np = as Np = 533.33 N 


Post: | 
A,, = (wily) 


Guesses NG =1N wp=02 wo = 0.2 


Given 


d 
Nom Hn is |-mpa 0 
2. 2 
yd +e 


e 
aS — HC Nc - HBNB = 0 
ae 
d +e 


raed + UpBNp(b +0) = 0 
2 


d +e 
Nc 
7 a(N ) EB 0.0964 
HB | = Fin C>HB>HC = 
LUC 0.0734 
HC 
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Problem 8-49 


The block of weight W is being pulled up the inclined plane of slope o using a force P. If P acts at 
the angle ¢ as shown, show that for slipping to occur, P = W sin(a + 8/ cos(@— 8 where Gis the 


angle of friction; 9 = tan! yu. 


Solution: Let w= tan(@) 
y F,=0; Pcos(¢) — Wsin(a) — uN = 0 
= Fy=0; N-Weos(a) + Psin(¢) = 0 


Pcos(¢) = Wsin(a) = u(Wcos(a) = Psin(¢) =0 
7 sin(a) + wcos(a@) sin(a) + tan( é)c os(a) 
aC) CO) 


sin(a) cos( 6) + sin( 6) cos(a) 


- (ea cos(@) + sin(6) mG) 


Problem 8-50 


Determine the angle ¢ at which P should act on the block so that the magnitude of P is as small as 
possible to begin pulling the block up the incline. What is the corresponding value of P? The block 
has weight W and the slope @ is known. 
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N 
Solution: Let w= tan(6) 

> F,=0; Pcos(¢) — Wsin(a) — uN = 0 

x F,=0; N—Weos(a) + Psin(¢) = 0 


Pcos(¢) - Wsin(a) - u(Wcos(a) - Psin(¢) =0 


“( . 


=W 


cos(¢) cos(6) + sin( 0) sin(¢) cos(¢ - 6) 
dP 7 sin(a + 6) sin( ¢ — a iG 
dg cos~(¢ = 6) 


sin(a + 6) sin(¢ - 6) = 


sin( ¢ — 6) =0 o=0 P= Wsin(a@ + d) 


Chapter 8 


Problem 8-51 


Two blocks A and B, each having a mass M, are connected by the linkage shown. If the 
coefficient of static friction at the contacting surfaces is “, determine the largest vertical force 


P that may be applied to pin C of the linkage without causing the blocks to move. Neglect the 
weight of the links. 
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Chapter 8 

Given: 

M = 6kg LE 

Us = 0.5 

01 = 30 deg A 

02 = 30 deg 
Solution: 
Guesses Na=1N Fa=1N Fac = 1N 


P=1N Np=1N Fp=1N_ Fac=i1N 
Assume that A slips first 


Given 


Faccos( 02) —Fpc = 0 
Facsin(2) - P = 0 
Na - Mg - Facsin(@) = 0 


Fa - Fac cos( 62) =0 


Fgccos( 6) - Mgsin(0;) — Fp = 0 


—Fgcsin( 61) = Mg cos( 61) + Ng =0 


Fa = UsNA 


Ng | = Find(P,Na,Fa,Np.Fp. Fac. Fc) P, = 23.9N 


Assume that B slips first 
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Given 
Faccos( 62) —Fpc = 0 
Facsin( 2) - P = 0 
Na - Mg - Facsin( 2) = 0 


Fa - Fac cos( 62) =0 


Fgccos( 1) — Mgsin( 01) - Fp = 0 
—Fgcsin( 61) = Mgcos( 07) + Np =0 
FB = UsNB 

Po 
NA 
Fa 
Ng | = Find(P,Na.F4,Ng.Fp,Fac;F pc) P> = 51.5 N 
FB 


Fac 


FBC 


P = min(P7,P2) P = 23.9N 


Problem 8-52 


Block C has a mass m, and is confined between two walls by smooth rollers. If the block rests on top 
of the spool of mass m,, determine the minimum cable force P needed to move the spool. The cable is 


wrapped around the spool's inner core. The coefficients of static friction at 42, and //p. 


Given: 
mW 
g= 98 — Fy 
2 ~ eM 
S ‘ i 
A f \ 
no KK \ 
mc = 50 kg me i so? ) 
\ y ~ 7 P 
ms = 40 kg = 
“ t 
HA = 0.3 Ny 
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HB = 0.6 ry = 0.2m ro = 0.4m 


Solution: Assume that the spool slips at A but not at B. 


The initial guesses are Fp =2N P=3N Np=i1N 


Given P-—Fp- wamcg=0 
NB- Msg —- mcg = 0 


P(r + r2) — Fp2ro = 0 


FB FB 441.45 
P | = Find(Fg,P,Np) P | =| 588.60 | N 
NB NB 882.90 
Now check the no slip assumption at B Fpmax = UBNB FBmax = 529.74 N 


Since Fp =441 N < Fpmax = 530 N _ then our assumptions are correct. 


P=589 N 


Problem 8-53 


A board of weight W, is placed across the channel and a boy of weight W, attempts to walk 
across. If the coefficient of static friction at A and B yv,, determine if he can make the crossing; 
and if not, how far will he get from A before the board slips? 
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Given: 
W, = 50 lb 
Wo = 100 lb 
Hs = 0.4 
a = 10 ft ha 
b=4 
c=3 
Solution: 
Initial guesses: Na = 10 |b Ng = 20 lb d = 3 ft 
Given 
SF, =0: Ne evict eG 
x , Ms NA + HsNB 5 5 B 5 5 
b +c b +c 
SF, =0: Nes awe te el 
yore A 2S Wa | Se 
b +c b +c 
a 
=M, = 0; m() + Wo(a-d) —-Naa=0 
Na Li (Np) 


Np | = Find(Na, Np. 4d) 
d 


NA 60.34 
= Ib d = 6.47 ft 
NB 86.21 


Since d = 6.47 ft < a = 10.00 ft then the board will slip 


fat Ny) 


Problem 8-54 


Determine the minimum force P needed to push the tube E up the incline. The tube has a 
mass of M, and the roller D has a mass of M>. The force acts parallel to the plane, and the 


coefficients of static friction at the contacting surfaces are //,, 4,and fc. Each cylinder has a 
radius of r. 
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Given: 
M, = 75 kg 
Mp = 100 kg 
HA = 0.3 
HB = 0.25 
uc = 0.4 
0 = 30 deg 


r = 150 mm 


= 9.81 — 
g=4. 
S 

Solution: 


Initial guesses: 


Na = 100 N 
Np = 200 N 
Nc = 300 N 

Given 

For roller D 
LF, = 0; 

LP = 0; 
2Mo:= 0; 

For tube E 
LF. = 0; 
2Fy= 0; 
2M, = 0; 


Assuming slipping occurs only at A. 
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- Statics 
Fa = 10N 
Fp =20N 
Fo = 30N 


P —~Na-Fo-Mogsin(6) = 0 


P= 100N 


Nc + Fa — Moqgcos(8) =0 


Far-—Fcr=0 


Na - Fp-Mzgsin(6) = 0 


Np - Fa — Mz 90c0s8( 6) =0 


Far-—Fpr=0 


815 


Fa = HANA 


Chapter 8 


Engineering Mechanics - Statics 


526 
NB NB 795 
Nc Nc 692 
Fa | = Find(N4,Ng,Nc,Fa,Fp,Fc,P) Fa |=| 158 | N 
FR FR 158 
Fc Fe 158 
3 : 1174 

F Bmax 199 
FBmax = HBNB FCmax = HCNC Races = i N 


Since Fp =158N < Fpmax =199N and Fo =158N < Fomay = 277 N then our 


assumption is correct 


P=1174N 


Chapter 8 


Problem 8-55 


The concrete pipe at A rests on top of B and C. If the coefficient of static friction between the 
pipes is “, and at the ground y',, determine their smallest values so that the pipes will not slip. 


Each pipe has a radius r and weight W, and the angle between the centers as indicated is 0. 


W 


\ . — P JA \ = : 


ge a ee 
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Solution: 


Total System : 


LF, = 0; 2N'-3W=0 N= =w 
Pipe C: 
LF, = 0; ~F cos(@) + Nsin(6) —-F'=0 


XF, = 0; N' — W - Ncos(@) - Fsin(6) = 0 


2Mj=0;  Fr-F'r=0 


( Wsin(@) ) W 
Solving, Ppa =| Nee 
2 cos(@) +1 2 
For Pipe A: 
1( Wsin(@) sin(0) 
Ve een’ 
- (xa + ) ‘i cos(6) +1 
For Pipe C: 
uigN' > aad 1 sin() 
2\ cos(@) +1 Hs = a eos(a\ad 


Problem 8-56 


The uniform pole has a weight W and length L. Its end ( 
Bis tied to a supporting cord, and end A is placed j : 
against the wall, for which the coefficient of static 

friction is 4/,. Determine the largest angle @ at which 


the pole can be placed without slipping. 


FE yam tN \) 
W 
Ni - 
—— ES 
SS :, 
4 ~ ~~ ' 
| tle 23, ij 
= FSS 7 
a ~~ = 
~ ~ 
LSS 
= 
Solution: 


0 
LF, = 0; Na - rsin( 8) =0 
== . 0 
ZF, = 0; LsNa — W+ Tcos 5 =0 
L).. 
xZMp=0; —NaL cos( 8) —UsNAL sin( 0) +W (=) sin( 8) =0 
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Solving we find 


Na = rsin( 8) 

Pe On ee Oa mee COO) 
rsin( 2)( cos(@) + usLsin(6)) = {cos 2) + Ls sn( 4)) : sin( 8) 
on (cos(@) + wssin(A)) = + sin(a[cos{ 2 + be sn( 8) 

2 “*sn( 2 2) sno) ~ 1 snl) cos $) : sn( $) cos (6) 


sin( 6) cos $ : ts cos(6) 


cc 
a0) {o(9 {ol} -8)) ye a Sai 
“gay OG 


Ls = in( $) O= 2 atan( yu) 


Problem 8-57 


The carpenter slowly pushes the uniform board horizontally over the top of the saw horse. The 
board has a uniform weight density y and the saw horse has a weight W and a center of gravity 
at G. Determine if the saw horse will stay in position, slip, or tip if the board is pushed forward 
at the given distance d. The coefficients of static friction are shown in the figure. 


Given: 
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L = 18 ft 
W = 15 lb 
a=3ft 
b=1ft 
= 0.5 
LW = 0.3 
d = 10 ft 
Solution: 
Board: 


L dO) 
-—Ly—|)+Nd=0 N=—L |=] N= 48.601b 
2 2 d 


To cause slipping of the board on the saw horse: 


Pyb = UN Pyp = 24.30 1b 


To cause slipping at the ground: 


Pxg = H'(N+ W) 
To cause tipping 
(N+ W)b- Pya = 0 


(N+ W)b 
ee 


Choose the critical case 


Py = min(Pxp, Pxg, Px) 


Problem 8-58 


The carpenter slowly pushes the uniform board horizontally over the top of the saw horse. The 
board has a uniform weight density y and the saw horse has a weight W and a center of gravity 
at G. Determine if the saw horse will stay in position, slip, or tip if the board is pushed forward 


Pyg = 19.08 1b 


Pyp = 21.20 Ib 


Py = 19.081b 


’ 
ad = =| 


/ \ 
| 
| \ 


| N 
t ean “ 
} | \ 


j 
J 
j 
j 1 


N+w 


i 
i] 
N 
\ P 
| | 


} 
V 


/ — VW 
/ | \ 
{ ,u 


at the given distance d. The coefficients of static friction are shown in the figure. 


Given: 
lb 


= 3° 
ar. 
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= r [ 
L = 18 ft _ 
W = 15 1b A! - " 
a=3ft 
b=1ft 
= 0.5 
uw = 0.3 
d = 14 ft 
Solution: 
Board: P, (yid 
L 1 ; ' ” 
-Ly4=|+Nd=0 N==17|2|nw=3471b f U2 | yb? 
2 2 d —> 7 
a 
To cause slipping of the board on the saw horse: * 
Pyb = UN  Pyb = 17.36 1b Ny 
To cause slipping at the ground: / 4+ 
} | \ 
Pyg = (N+ W) — Pyg = 14.91]b } \ 
i 
ee i + W 
To cause tipping 
(N+ W)b- Pya = 0 ly 
N+ W)b as 
py = eee Pyt = 16.57 lb Pokw 
a / = \ 
/ \ ; 
Py = 14.91 1b i ' 
N 


Choose the critical case 
Py = min(Pxb, PxgsPxt) 


Problem 8-59 
The disk of mass m, rests on the surface for which the coefficient of static friction is 44, 
Determine the largest couple moment M that can be applied to the bar without causing motion. 
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Given: 
HA = 0.2 


a = 300 mm 


b = 400 mm 


r= 125 mm 


Solution: 
Guesses 
M=1Nm Na =1N 
By =1N By =1N 
Given 


M - Byb- Bya=0 
Bx — HANA = 0 


Byr— HANar = 0 


M 

NA 

allie Find(M, Na, By, By) 

By 

NA 551.81 

By | =| 110.36 | N M = 77.3N-m 
By 110.36 


Problem 8-60 


Chapter 8 


The disk of mass my rests on the surface for which the coefficient of static friction is 44, 


Determine the friction force at A. 
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Given: 
M =50N-m 
HA = 0.2 


a = 300 mm 


b = 400 mm 


r= 125 mm 


Solution: | Assume no motion 


Guesses 


By=1N By=1N Na=1N Fa=1N 


Chapter 8 


Given M-Bya-Bxb=0 Dai : 
a hy 
Na — By - mog = 0 — 0, 
|: el coal 
By — Fa = 0 B, a | 
-—_————- 
Byr—Far= 0 me 
By 7 ™ 
B { Yo) 
B N —_> 
y A 512.88 \ = 
= Find(By, By, Na. Fa) = N { ps 
Na Bx 71.43 B. > Fy 
Fa Ny 
Check assumption: Famax = LANA 


Since Fa=71.4N < Famax = 102.6 N then our assumption is good. 


Fa =714N 


Problem 8-61 


A block of weight W is attached to a light rod AD that pivots at pin A. If the coefficient of static 
friction between the plane and the block is 4, determine the minimum angle @at which the 


block may be placed on the plane without slipping. Neglect the size of the block in the 
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calculation. 
Given: 
a=4ft } h 
| 1 \ 
b=2ft hh \ 
aN 
c=3ft a j a \ 
) ¥ 
| eB) \ 
Ls = 0.4 A fowsy 
) fst \ 
W =6)b a \ 
“=F \ 
Solution: F NS _ 
vad B 4 
- ~ 


Establish a unit vector 
perpendicular to the plane. 


—b —b 
IBC =| ¢ BA =| 0 
0 a 
0.77 
IBC X TBA 
ny =| 0.51 , 


Dy} = 
TBC X IBA 


0 0 
ICA 
k =| 0 IcA =] 7C€ "2 Trea] n3 =nhyx np 
1 a 
Guess T=1lb N=1)b @ = 10 deg 
Given Nn, + T(cos(@) n2— sin( 6) n3) = 1s N(sin( 6) n2+ cos( 6) n3) —-Wk=0 
N 
N 2.30 
T | = Find(N,T, 6) ) = ) 6 = 20.37 deg 
j T 5.46 


Problem 8-62 


Determine the force P needed to lift the load of weight W. Smooth rollers are placed between 
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the wedges. The coefficient of static friction between A and C and between B and D is Mes 
Neglect the weight of each wedge. 


Given: 


6 = 10 deg 


Hes= "03 | 


| ) 
W = 100 Ib | 
| 


Solution: | | 


| } 
Initial guesses: / | 


N'=10lb Na =151b = 
| 


Np = 20lb P=5\)]b 
— ne 
Given 


Wedge B: 


<F,=0;  N’'sin(6) — Ng = 0 
ZF, = 0; N'cos(6) — W- usNp = 0 


Wedge A: 
<F,=0; P-N'sin(6)- usNq = 0 


ZF, = 0; Ng — N'cos(@) =0 


NV 
N' x ‘ 
107.2 
NB lf 
Alle Find(N', Ng, Na. P) Np | =| 18.6 {Ib 
A ~ 
Na 105.6 p oe 
P —> — 
P =50.31b jeytNal 


Chapter 8 


Problem 8-63 


The wedge is used to level the floor of a building. For the floor loading shown, determine the 


horizontal force P that must be applied to move the wedge forward. The coefficient of static 


friction between the wedge and the two surfaces of contact is “,. Neglect the size and weight 
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of the wedge and the thickness of the beam. 
Units Used: kN = 10° N 
Given: 


Fy, =2 kN a=3m 
Fy = 4kN b=2m 


F3=4kN c=3m 


Fy = 2 kN 0 = 15 deg 
Hs = 0.25 

Solution: 

Guesses 


Nj =1kN No =1kN P=1kN 


Given 


(Fy, — Nj)(a+b+c) + Fo(b+c)+F3c=0 
No cos(6) - Us No sin( 0) —-N,=0 


LUsN1 + Ms Nz cos(@) + Nosin(6) — P = 0 


Ny 


No | = Find(N; , No, P) i © Yan 
= Fin 3 > = 

. rte, N2) \6.66 

P 

P = 4.83kN 


Problem 8-64 


The three stone blocks have weights W,, Wz and W¢. Determine the smallest horizontal force P 


that must be applied to block C in order to move this block.The coefficient of static friction 
between the blocks is 4, and between the floor and each block yw’, 
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Given: 

Wa = 600 lb 
Wp = 150 lb 
Wc = 500 lb 
Ms = 0.3 
Ms = 0.5 
0 = 45 deg 

Solution: 


Assume all blocks slip together 


rT 7 Wa+h fn wr) 


Ny, = Wa+ Wp+ Wo 


P (WA+WB-+WT) 


L's Ny P1 = 625.00 lb 


Assume that block A does not move and block 
B moves up 


Guesses Wr 


Nc =1lb N=11b N"=11b P=1\)b 
Given 


N"+u'sNG-P=0 
Nc - Wo - Wp - usN" = 0 


N'sin(6) — uN’ cos(@) — wsN" — Wp = 0 


N"- Ls N' sin( 0) = N'cos(@) =0 


5 
Nc 
" Nc) (838.71 c | 
| = Find(Nc,N',.N",P) N' | =| 684.30 |lb Pz = 10481b 


N 
N" 629.03 . 


Choose the critical case Pi= min(P} ,P2) P = 625.00 lb 
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Problem 8-65 


If the spring is compressed a distance 6 and the coefficient of static friction between the tapered 
stub S and the slider A is 4/,,, determine the horizontal force P needed to move the slider forward. 
The stub is free to move without friction within the fixed collar C. The coefficient of static friction 
between A and surface B is 44p Neglect the weights of the slider and stub. 


Given: 
6 = 60 mm 
HsA = 0.5 Fe= kb 
HAB = 0.4 
N 
k = 300 — 
m 
6 = 30d We 
Re 4 bh N 1 
7) 
Ny 
Solution: 
Stub: — 
F Fu=yy No 
14 B=; Nacos(@) - Usa Nasin( 0) —kd=0 
Np 
NA = a Na = 29.22 N 
a cos( 8) = Lsasin( 8) ee 
Slider: 
thE F,=0; Np — Nacos(6) + usa Nasin(6) = 0 
Ng = Na cos(@) — usa Na sin( 6) Ng = 18 N 
—> 5 F,=0; P-papNp—Nasin(6) — u,4Nacos(6) = 0 
P = wap Np+ Na sin(@) + usa Na cos( 8) P =345N 
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Problem 8-66 


The coefficient of static friction between wedges B and C is yz,, and between the surfaces of 
contact B and A and C and D, 4». If the spring is compressed to a distance 6 when in the position 


shown, determine the smallest force P needed to move wedge C to the left. Neglect the weight of 
the wedges. 


Given: 


Us} = 0.6 6 = 15 deg 


‘ Nay | - 
Hs? = 0.4 k = 500 — 4| Ye HN 
m B= LoN 
ty } 2's Nu 
} —_—P 
6 = 200 mm — 
D 4 
Na 
\ Hy Ny 
Solution: P - 
~~" +? 
The initial guesses: f Moen 
Noy 


Nap =10N Npc=20N Ncop=30N P=40N 
Given 
Wedge B: 
Nap ~ &s1 Ngccos( 8) — Ngcsin(@) = 0 


Ngccos(@) — us1 Nac sin(4) — 432 Nap - kd = 0 


Wedge C: 


Ncpcos(@) ~ #s2Ncpsin( 4) + us1 Npcsin() — Ngccos( A) = 0 


Ncpsin(@) + Us2 Ncpcos( 6) + NBc sin( 6) + Us] Naccos( 6) —-P=0 


NAB 

: NAB 176.39 

B 

= Find(Nag.Nac.Ncp.P) Ngc | =| 210.40 | N P= 303.99 N 

N 

ea Nep} \197.77 

P 
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Problem 8-67 


The coefficient of static friction between the wedges B and C is s,, and between the surfaces of 
contact B and A and C and D, 4,7. Determine the smalles allowable compression of the spring & 
without causing wedge C to move to the left. Neglect the weight of the wedges. 


Given: | 
K kg 
Hs] = 0.6 @= 15 deg | 
N | = N., [ | pe 
uso = 0.4 k= 500 — 4 at = Ye HN 
m B ‘ .\) i N if k Nw 
—- —-} <——— p 
P=50N — 
dD 4 
Nay 
Solution: L Nn 
The initial guesses: = <_) 
Nap =10N Npc=20N Nop =30N 6= 10mm f Uo Nery 
Ni ‘a; 
Given 
Wedge B: 


Nap - Hs1 Ngccos( 8) — Ngcsin(4) = 0 


Ngccos( 8) - “51 Nac sin(4) — 4452 Nap - kd = 0 


Wedge C: 


Ncpcos(@) - 4s2Ncpsin(@) + 4151 Ngcsin(@) — Ngccos(8) = 0 


Ncpsin(@) + LUs2 Ncpcos( 8) + Ngcsin( 8) + Us] Ngccos( 8) —-P=0 


NAB 
‘3 NAB 29.01 
BC 
= Find(N4g.Npc.Ncp. 6) Ngoc | =| 34.61 |N 6 =32.90mm 
NcpD 
Nep 32.53 
5 


Problem 8-68 


The wedge blocks are used to hold the specimen in a tension testing machine. Determine the design 
angle @ of the wedges so that the specimen will not slip regardless of the applied load. The 
coefficients of static friction are 44, at A and slp at B. Neglect the weight of the blocks. 
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Given: 


le Nyt He Ny 


HB = 0.6 


Solution: 


Specimen: 


+42 F,=0;  2FR-P=0 FR = 


Wedge: 


— YF,=0;  — Nacos(6) — wa Nasin(6) - cer, 
2UB 


+E F,=0; uta Na cos(@) + Nasin(@) — - =0 
If we eliminate P we have 
up(Nacos() — HANA sin(0)) = aNaqcos(8) + Nasin(8) 
(1+ “aup)sin(@) = (wp - 1a)cos( 8) 


HB- HA 
0 = atan| ————— 0 = 25.3 deg 
1+ LAMB 


Problem 8-69 


The wedge is used to level the member. Determine the reversed horizontal force -P that must 
be applied to pull the wedge out to the left. The coefficient of static friction between the 
wedge and the two surfaces of contact is 4. Neglect the weight of the wedge. 
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Units Used: 


kN = 10° N 
Given: 

Ms = 0.15 

0 = 5 deg 

a = 600 mm 

b = 500 mm 


c = 250 mm 


F> = 15kN 


Solution: 


Guesses 


tal 


P=1N Na=1N Np=iN 
Given 


—P + usNp+ LUsNacos( 0) = Nasin(8) =0 


Np - Nacos( 6) 7 Us Na sin( 0) =0 


d 
F b+ [Po + wii +c) —(Nacos(4) + usNasin())2a ... = 0 
ye td ye +d 


+ (us Nacos( 0) = Nasin(@) (b+c) 


P 
NA 15.42 
Na | = Find(P, N4, Np) sac alee kN P = 3.29kN 
Np . : 
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Problem 8-70 


If the coefficient of static friction between all the surfaces of contact is ,, determine the 


force P that must be applied to the wedge in order to lift the brace that supports the load F. 


Solution: 


System: 


LF, = 0; 
Ly = 0; 


Wedge A: 


LF, = 0; 


LF, = 0; 


From Eqs. 
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P—NB- Us Na = 0 


NA- HsNB- F = 0 


P — usNq — us N'cos(a) — N'sin(a) = 0 


Ng - N'cos(a) + Us N' sin(a) =0 


(3) and (4): 


P— usNA 
N= 


Ls COS (a) + sin(@) 


(2) 


a 


(4) 


(5) 


be reproduced, in any form or by any means, without permission in writing from the publisher. 
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P(1 - ustan(a)) (6) 


Na = 5 
2hls + (1 — Us \eana) 


{ 
From Egg. (1) and (2): 


7 P— usNA 
Hs 


NB 


2 
(1 + Ls \a -F 
Hs 


Combining Eqs. (5) and (6) : 


— 
peNy 
2 | 
(1 — Hs lene + 2ps \ 


1 — 2ytan(@) - ie 


P=F 


Problem 8-71 


The column is used to support the upper floor. If a force F is applied 
perpendicular to the handle to tighten the screw, determine the 
compressive force in the column. The square-threaded screw on the jack 
has a coefficient of static friction 4,, mean diameter d, and a lead h. 


Units Used: 


kN = 10° N 


Given: 


F = 80N Ms = 0.4 d = 25 mm 


h=3mm a=05m 
Solution: 
ds = atan( Ws) gs = 21.80 deg 
0, t i 0, 2.187 deg 
= atan| —— = 2. e 
Pp md Pp 


d 
M=Fa= w(3) tan( ds + Op) 
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eS  ———— W = 7.19kN 
d tan( ds + Op) 


Problem 8-72 
The column is used to support the upper floor. If the force F is removed 


from the handle of the jack, determine if the screw is self-locking.. The 
square-threaded screw on the jack has a coefficient of static friction 44, 


mean diameter d, and a lead h. 
Given: 


F=80N_ ws = 0.4 d = 25 mm 


h=3mm a=05m 


Solution: 
os = atan( s/s) os = 21.8 deg 
0 t ) Oy = 2.19 d 
= atan}| —— = 24. e 
P a P 8 


Since gs = 21.8deg> Gp = 2.19 deg, screw is self locking. 


Problem 8-73 


The vise is used to grip the pipe. If a horizontal force F, is 


applied perpendicular to the end of the handle of length 1, 
determine the compressive force F developed in the pipe. The 
square threads have a mean diameter d and a lead a. How 
much force must be applied perpendicular to the handle to 
loosen the vise? 


Given: 
Fy, = 25 |b 
d=1.5in 
Ms = 0.3 
L = 10in 
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a = 0.2 in 
Solution: 
d 
r= 
2 
a 
0= aan( -*) 0 = 2.43 deg 
2ar 
og = atan(z/s) ¢ = 16.70 deg 


Fi,L= Frtan(0+ ?) 


L 
? (- tan(O+ 5) 


To loosen screw, 
PL = Frtan(¢- 0) 


; tan(¢ = 6) 
L 


P=F P = 18.31b 


Problem 8-74 


Determine the couple forces F that must be applied to the handle of the machinist’s vise in 
order to create a compressive force F', in the block. Neglect friction at the bearing A. The 


guide at B is smooth so that the axial force on the screw is F',. The single square-threaded 
screw has a mean radius b and a lead c, and the coefficient of static friction is “,. 


Given: 


a = 125mm 


Fa = 400 N 
b=6mm 
c= 8mm 
Ms = 0.27 
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Solution: 
g= atan(z/s) @ = 15.11 deg 
c 
0 = xan[ ) 0 = 11.98 deg 
2ab 


F 2a=Fy b tan(6+ 4) 


F=F, (>| tan(0+ ¢) F=491N 


Problem 8-75 


If couple forces F are applied to the handle of the machinist’s vise, determine the compressive 
force developed in the block. Neglect friction at the bearing A. The guide at B is smooth. The 
single square-threaded screw has a mean radius of r, and a lead of r,, and the coefficient of 


static friction is 44. 


Units Used: 
kN = 10° N 


Given: 


F=35N 


a = 125mm 


ry = 6mm 

ro = 8mm 

Hs _ 0.27 

Solution: 
= atan(z/s) @ = 15.11 deg 
r2 
0 = atan 0 = 11.98 deg 
211 


F2a=Pr tan(0 + ¢) 


 ——_— P= 2 85kN 
r] tan(O + d) 
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Problem 8-76 


The machine part is held in place using the double-end clamp.The bolt at B has square threads 
with a mean radius r and a lead r,, and the coefficient of static friction with the nut is wz. Ifa 


torque M is applied to the nut to tighten it, determine the normal force of the clamp at the 
smooth contacts A and C. 


Given: , 


a = 260 mm 


b = 90 mm 
r= 4mm aa 
ry = 2mm : 
Ms = 0.5 
M=04N-m 
Solution: 
g = atan({/s) - 
@ = 26.57 deg Nod = é 
a= van( 4) - : 
2ar 
0 = 4.55 deg NA i. af 
M= Wrtan(0+ ?) 
M 
7 rtan( 0+ d) 
W = 165.67 N 
2M,=90; Nc(a+b)-Wa=0 
oe Ne aN 
a+b 
EF, = 0; Na-W+Nc=0 
Na = W-Ne Na = 42.6 N 
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Problem 8-77 


Determine the clamping force on the board A if the screw of the “C” clamp is tightened with a 
twist M. The single square-threaded screw has a mean radius r, a lead h, and the coefficient of 
static friction is 4,. 


Units Used: 
kN = 10° N 
Given: 
M=8Nm 
r= 10mm 
h = 3mm 
Ls = 0.35 
Solution: 
os = atan( 11s) gs = 19.29 deg 
Op = xan = =) Op = 2.734 deg 
2 ar 
M = Prtan(¢s + Op) Ree P = 1.98kN 


r tan( ds + Op) 


Problem 8-78 


If the required clamping force at the board A is to be P, determine the 
torque M that must be applied to the handle of the “C” clamp to tighten 
it down. The single square-threaded screw has a mean radius r, a lead 
h, and the coefficient of static friction is 4. 


Given: 
P=50N 
r= 10mm 
h=3mm 
Hs = 0.35 
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Solution: 
os = atan({s) gs = 19.29 deg 
1 oh 
Op = nan( 5 | Op = 2.73 deg 
2 ar 
M = P rtan(¢s + Op) M = 0.202N-m 


Problem 8-79 


Determine the clamping force on the board at A if the screw of the hold-down clamp is 
tightened with a twist M. The single square-threaded screw has a mean radius of r and a lead 
of r), and the coefficient of static friction is 4. 


Given: 
M=0.2 Nm 
r=8mm 
ry = 2mm 
Ms = 0.38 
Solution: 
= atan( 11s) ¢@ = 20.81 deg 
r] 
Mis Eee 0 = 2.28 deg 


M= Frtan(@+ d) 


rtan(@ + ¢) F=58.7 N 
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Problem 8-80 


If the required clamping force at the board A is to be F, determine the torque M that must be 
applied to the handle of the hold-down clamp to tighten it down.The single square-threaded 
screw has a mean radius r and a lead r,, and the coefficient of static friction is 4u,. 


Given: 
F=70N 
r= 8mm 


ry = 2mm Z 6 
Hs = 0.38 


NS 


Solution: 
@ = atan(1s) ¢ = 20.81 deg 
r| 
? = atan| —— 0 = 2.2785 deg 
2ar 
M = Frtan(6+ ¢) M = 0.24N-m 


Problem 8-81 


The fixture clamp consist of a square-threaded screw having a coefficient of static friction “4, mean 


diameter d, and a lead h. The five points indicated are pin connections. Determine the clamping force 
at the smooth blocks D and E when a torque M is applied to the handle of the screw. 


Given: 

Ms = 0.3 a = 30 mm 
Gecaine b = 40 mm 
ee ee c = 40 mm 


M = 0.08 N-m B = 45 deg 
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Frictional Forces on Screw: Here 


h 
0 = atan Fa. 0 = 6.06 deg 
20 (S) 


ds = atan( 1s) ¢s; = 16.70 deg B\ 


Applying Eq.8-3, we have fy 


M = of 5) tan(0 + gs) 


M 
P = 2 | ——\——— P=127.15N 
d tan(0+ s) 


Note since ¢; = 16.70deg > @= 6.06deg, the screw is self-locking. It will not unscrew even if the 
moment M is removed. 


Equations of Equilibrium and Friction: 


\ =M = 0; 
aa) — Fgcos(f)b — Frsin(Z)a = 0 
be 2 
Vbo +c 
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Pcb 
FE =e Fr = 72.7 N 


V b? + c*(cos(f) b+ sin(B) a) 


The equilibrium of clamped block requires that 


Fp = Fr Fp = 72.7 N 


Problem 8-82 


The clamp provides pressure from several directions on the edges of the board. If the 
square-threaded screw has a lead h, radius r, and the coefficient of static friction is ,, determine 
the horizontal force developed on the board at A and the vertical forces developed at B and Cif a 
torque M is applied to the handle to tighten it further. The blocks at B and C are pin-connected to 


the board. 

Given: 
h=3 mm 
r= 10mm / 

a Wie” 

M=15Nm 
B = 45 deg 

Solution: 
bs = atan( zs) ds = 21.801 deg 3 P 

——S—— 
h - Al 
8 = atan| —— 0 = 2.734 deg r 
2ar 
M 
M = Ayrtan(¢s + 9) A, = ————-~ Ay = 329 N 
r tan( gs + 0) 
+ 

— > F,=0; 

Ay — 2Tcos() = 0 pee es T = 232.36 N 
2 \cos(9) : 
b-27p) ae oe By 164.3 x 
as c) \164.3 
842 
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Problem 8-83 


The two blocks under the double wedge are brought together using a left and right 
square-threaded screw. If the mean diameter is d, the lead is r;, and the coefficient of static 


friction is 44, determine the torque needed to draw the blocks together. The coefficient 


of static friction between each block and its surfaces of contact is rie 
Units Used: 


kN = 10° N 


Given: 


F=5 kN 


@ = 20 deg 


d = 20 mm 


ry = 5mm 


Ms = 0.4 


L's = 0.4 
Solution: 
Top block: 
—F + 2Njcos(6) — 2u's Nz sin(6) = 0 I 
L 


F 


Nt = 3(cos(6) — p's sin() 


Nz = 3.1138 kN 
Bottom block: 


N'-Ny1 cos( 6) + u's N1 sin( 6) =0 N, 


N =Ny cos( 8) — L's Ny sin( 6) 


N' = 2.50 kN 


—N; sin(6) — y's Ny, cos(6) + T— y's N' = 0 


T = N; sin(6) + y's Nz cos(@) + p's N’ a it wie 


T = 3.2354kN . 
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g = atan({/s) @ = 21.80 deg 
r| 

0 = atan| — 0 = 4.55 deg 
md 


Since there are two blocks, 


d 
M = 2T = tan(O+ ¢) M = 32N-m 


Chapter 8 


Problem 8-84 


The two blocks under the double wedge are brought together using a left and right 
square-threaded screw. If the mean diameter is d, the lead is r;, and the coefficient of static 


friction is 44, determine the torque needed to spread the blocks apart. The coefficient 


of static friction between each block and its surfaces of contact is 4. 


Units Used: 


kN = 10° N 
Given: 
F =5kN 


@ = 20 deg 


d = 20 mm 
ry) = 5mm 


Ms = 0.4 


L's = 0.4 
Solution: 
Top block: 
—F + 2N, cos(6) + 2w', Nj sin(@) = 0 


F 


Ni = 2(cos( 4) + L's sin(0)) 


Ny = 2.3223 kN 
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Bottom block : 6 


N'-N1 cos( 8) — L's Ny sin( 6) =0 


N=N, cos( 8) + u's Ny sin( 6) 


N' = 2.50 kN 


—N; sin(6) + u's Ny; cos(6) — T+ y's N' = 0 Tr yy 


T = -N1 sin( 6) + p's Ny cos(@) + p's N' 


A 
T = 1.0786 kN 
g= atan({/s) @ = 21.80 deg 
rl 
@ = atan| — 0 = 4.55 deg 
ad 


Since there are two blocks, 


d 
M = 2T = tan(g - 6) M=6.7N-m 


Problem 8-85 


The cord supporting the cylinder of mass M passes around three pegs, A, B, C, where the 
coefficient of friction is 44. Determine the range of values for the magnitude of the horizontal 


force P for which the cylinder will not move up or down. 


( nara nc sa ———-& 
Given: Me 
M = 6kg %® 
“ & 
0 = 45 deg ) RB 
jigs 0.2 4 v4 
ave, 
y , 
m ¢ { 
g = 9.81 — \ 
2 4 
Ss \ 
Bd 
Solution: 


5 
Total angle B= ne -— 460 £ = 270.00 deg 
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—MsB B 


Forces Pmin = Mge Pmax = Mge * 


Answer Pmin = 15.9 N <P< Pmax = 217.4 N 


Problem 8-86 


The truck, which has mass m,, is to be lowered down the slope by a rope that is wrapped around 
a tree. If the wheels are free to roll and the man at A can resist a pull P, determine the minimum 
number of turns the rope should be wrapped around the tree to lower the truck at a constant 
speed. The coefficient of kinetic friction between the tree and rope is /4. 


Units Used: 
Mg = 1000 kg 
Given: 
m, = 3.4 Mg 
P = 300N 
6 = 20 deg 
Mk = 0.3 
ogi 
g=9. 5 
S 
Solution: Miu) 


; 
7) XF,=0: te oT, 


YF Gn 0 
Tz — mgsin(6) = 0 T7 = mgsin(@) —‘ T7 = 11407.74 N con 


In} — 
kB P 


T= pee poe B = 694.86 deg 
Hk 
(ae 
Use ceil) ———— } = 2.00 tums 
360 deg 
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Problem 8-87 > — 


The wheel is subjected to a torque M. If ; 
the coefficient of kinetic friction bf 
between the band brake and the rim of | 
the wheel is 44, determine the smallest | 

| 


horizontal force P that must be applied 
to the lever to stop the wheel. 


Given: 


a= 400mm d=25 mm 


b = 100 mm r= 150 mm 


c=50mm M=50N-m 


Hk = 0.3 


Solution: 


Initial guesses: Tj =5N T0=10N 


Given 
Wheel: 3a 
u( ) 
xM)= 0; —-Tor+Tjr+M=0 To = Tje 
Ty 
= Find(T;,T2) T, = 54.66 N 
T2 
Link: 
c 
©Mp=0; Tyc-Fd=0 F = n(5) F = 109.32 N 
Lever: 
b 
=M,= 0; —-Pa+Fb=0 P=F\- P=27.3N 
a 


Problem 8-88 


A cylinder A has a mass M. Determine the smallest force P applied to the handle of the lever 
required for equilibrium. The coefficient of static friction between the belt and the wheel is 4. 


The drum is pin connected at its center, B. 
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d = 200 mm 


e; = 60 mm 


Chapter 8 


e = 2.718 
Solution: 
AAT. 
Initial guesses: T; =1N To =1N P=1N eean 
‘one A Ty 
Given Aitlng. 
Drum: Mix) 
32 
Ls 7 
To = Tze 7 Pp 
at f 
-Toc+Tj;c+Mgd=0 ¢ ey 1 
i  & 
Lever: hy | 


—-T,e, + Tob-Pa=0 u 


T 
Tz | = Find(T;,T2,P) P =963N 


P 


Problem 8-89 


Determine the largest mass of cylinder A that can be supported from the drum if a force P is 
applied to the handle of the lever. The coefficient of static friction between the belt and the 
wheel is 4/,. The drum is pin supported at its center, B. 


Given: 
P=20N 
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Hs => 0.3 
e = 2.718 
Solution: 


Initial guesses: T; = 1 N 
Given 


Drum: 
32 
Hs > 
To = Tye 


Toc+Tyjyc+Mgd=0 


Lever: 


Tye, + Tob-Pa=0 


T 
Tz | = Find(T;,T2,M) 
M 


Chapter 8 


T2=1N M=1kg ( CA | 
I 


M = 155.7 kg 


Problem 8-90 


The uniform bar AB is supported by a rope that passes over a frictionless pulley at C anda 
fixed peg at D. If the coefficient of static friction between the rope and the peg is “4p, 


determine the smallest distance x from the end of the bar at which a force F may be placed 


and not cause the bar to move. 


Given: 


F = 20N 


a=im 
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Hp = 0.3 
Solution: 
Initial guesses: 
Ta=5N Tp=10N x=10m 
Given 
x=M, = 0; —-Fx+Tpa=0 
LF, = 0; Ta+Tp-F=0 
a 
wf 4] 
Ta = Tge 
- a - 
TA 


Tg | = Find(T,, Tp. x) 


x 


x = 0.38 m 


Problem 8-91 


Determine the smallest lever force P needed to prevent the wheel from rotating if it is subjected 
to a torque M. The coefficient of static friction between the belt and the wheel is s,. The wheel 
is pin-connected at its center, B. 


Given: 
M = 250Nm 
Us = 0.3 Zz 
r = 400 mm 


a = 200 mm 


b = 750 mm 
Solution: 
Q 5M,=0;  -Fa+P(a+b)=0 


850 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 8 


pe 
he) 
pce 


p= — P = 42.3.N 


Problem 8-92 


Determine the torque M that can be resisted by the band brake if a force P is applied to the 
handle of the lever. The coefficient of static friction between the belt and the wheel is “,. The 
wheel is pin-connected at its center, B. 


Given: \ 

P =30N 4 

| c+ 
Ms = 0.3 FE ——es 
r = 400 mm h 

=2 

a 00 mm LL p 
b = 750 mm 


= “ 
Solution: te | Fr 


\ =M, = 0; -~Fa+P(a+b) =0 
a+b 
fR=2 F = 142.5 N 
a 
32 
Bs 
F'=Fe F' = 585.8 N 
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=M, = 0; -F'r+Fr+M=0 


M = F'r-Fr M=177N-m 


Problem 8-93 


Blocks A and B weigh W, and Wg and respectively. Using the coefficients of static friction indicated, 
determine the greatest weight of block D without causing motion. 


Given: 
Wa = 50 lb 
Wp = 30 lb 
= 0.5 
HBA = 0.6 
HAC = 0.4 
0 = 20 deg 


Assume that B slips on A, but A does not move. 


Guesses Wp = 1 |b Tp = 11b 
Np=1lb Nc=1lb Fo = 1b ~ a ks 
N, 
a 
u— 


Given Wp=Tpe 


Wi 
-Tp+Fco=0 | 
Ty 
Nc — WA - Wg = 0 = 
AKON 
ft Nj 


—-Tp+ uBANB cos(@) - Ngsin(@) =0 


Npcos(@) + Lupa Npsin( 6) —Wp=0 
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WD WD) C1995 
TB TB 5.81 
Ng | = Find(Wp, Tg, Np.Nc.Fc) Ng | =| 26.20 Ib 
Nc Nc 80.00 
ae Be 5.81 


Now check the assumption that A does not move 


FoCmax = HACNC FCmax = 32.00 Ib 


Since Fo = 5.81lb < Fema = 32.00 1b then our assumption is good. Wp = 12.75 1b 


Problem 8-94 


Blocks A and B have weight W, and D weighs W,. Using the coefficients of static 
friction indicated, determine the frictional force between blocks A and B and between 
block A and the floor C. 


Given: 


W = 75 lb LBA = 0.6 


Wp = 30lb)  wac = 0.4 


w=05 @ = 20 deg 
Solution: 
ED Wp 

Wp = Tpe TB = ; Tp = 13.679 Ib 
ca 
e 

Fc = Tp Fo = 13.68 1b 

Check Nc -2W=0 Nc = 2W Nc = 150.00 lb 
FCmax = HACNc F Cmax = 60.00 Ib 


Since Fo = 13.68lb < FCmgy = 60.00 1b then the system does not slip at C. 
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For block B: 

The initial guessess: Np = 1 1b Fg =11b 

Given 

+E F,= 0; Ngcos(6) + Frsin(6) — W = 0 

> 5 F.=0; Fpcos(@) — Ngsin(6) — Tg = 0 

NB 
(| = Find(Ng,Fp) Ng = 65.80 1b Fp = 38.51 1b 
Check 
FBmax = LBANB F Bmax = 39-48 lb 


Since Fg = 38.511b < F Bmax = 39.48 lb then no slipping occurs between the blocks 


Problem 8-95 


Show that the frictional relationship between the belt tensions, the coefficient of friction s, and the 
angular contacts a and f for the V-belt is T,=T ,e“*""(7) when the belt is on the verge of slipping. 


Impending ~~ 
motion | 


y 


Solution: 


FBD of a section of the belt is shown. 


Proceeding in the general manner: 
do do 
SF, =0; —(T + dT) cos( + reos{ 2) + 2uidN = 0 
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dé dé a 
—(T + dT) sin| — | — Tsin| — | + 2dNsin}| — | = 0 
SF, = 0; (T+ dT) snl 7 ) snl 7 ) + sn( £) 


Since d@ dN, and dT are small, these become 


dT = 2udN Tdé = 2ansin{ &) 


Combine —=u 


We get, sn <) 
tens NS QED 


Problem 8-96 


A V-fan-belt (V-angle 9) of an automobile engine passes around the hub H of a generator G 
and over the housing F to a fan. If the generator locks, and the maximum tension the belt can 
sustain is T,,,,,, determine the maximum possible torque M resisted by the axle as the belt slips 


over the hub. Assume that slipping of the belt occurs only at H and that the coefficient of 
kinetic friction for the hub is s,. 


Given: 
0 = 60 deg b =2in 
a=2in c = 1.25 ft 
Tmax = 175 1b ws = 0.25 
Solution: 


—Ks 
sol 6 
Ty, = Tmaxeé T, = 36.41b 
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M= -Tja + Tmax a 


M = 23.1 \b-ft 


Chapter 8 


Problem 8-97 


A cable is attached to the plate B of mass Mpg, passes over a fixed peg at C, and is attached to 


the block at A. Using the coefficients of static friction shown, determine the smallest mass of 
block A so that it will prevent sliding motion of B down the plane. 


Given: 
Mp =20kg wa = 0.2 
0 = 30 deg HB = 0.3 
gzaete. Fe % 
2 
s 
Solution: 
Iniitial guesses: Ty =1N 


Given 

Block A: 
LF, = 0; 
LP y =0; 

Plate B: 


=F, = 0; 


LF, = 0; 


Peg C: 


T1 — uaNa — Magsin(0) = 0 


Na - Magcos(6) =0 


T2 ~ Mpgsin(6) + wpNp + “aNa = 0 
Np - Na - Mggcos(0) =0 


Ucn 
(Cee ae 
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Na | = Find(Ty,T2,Na,Np.Ma) 


Ma = 2.22 kg 


Problem 8-98 
The simple band brake is constructed so that the ends of the friction strap are connected to the 
pin at A and the lever arm at B. If the wheel is subjected to a torque M, determine the smallest 


force P applied to the lever that is required to hold the wheel stationary. The coefficient of static 
friction between the strap and wheel is 44. 


Given: 
M = 80 lb-ft £ = 45 deg 


Us = 0.5 r= 1.25 ft 


a = 20 deg a =1.5 ft 


Solution: 


The initial guesses: T; = 10lb To = 201b  P = 30 |b 


Given 


Tj3r+M-Tor=0 


t= T; sslararp) 


To sin(B)a —(a+b)P=0 
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T] 


Tz | = Find(T1,T2,P) 


T] 8.56 
= Ib P =17.101b 
To 72.56 


Problem 8-99 


The uniform beam of weight W, is supported by the rope which is attached to the end of the 
beam, wraps over the rough peg, and is then connected to the block of weight W>. If the 
coefficient of static friction between the beam and the block, and between the rope and the 
peg, is “,, determine the maximum distance that the block can be placed from A and still 
remain in equilibrium. Assume the block will not tip. 


Given: 


W, = 50 1b 


W> = 100 Ib 


Hs = 0.4 
a=1ft ? b - 
b = 10 ft 
gd Ws 
Solution: |: 


oa r. 
Block: a 
mE 0; N-W2=0 


—- = 
N = Wo N = 100.00 lb f | y 


SF,=0; Tj -usN =0 r 4 


T = UsN T1 = 40.00 1b W, 


a 
ro : 
To = Tye Tp = 74.97 |b r 
System: nee ey 
b 


2M, =0; -Wod-T a wi(3}+12b=0 \ 
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Problem 8-100 


The uniform concrete pipe has weight W and is unloaded slowly from the truck bed using the rope 
and skids shown. If the coefficient of kinetic friction between the rope and pipe is “4, ,determine 


the force the worker must exert on the rope to lower the pipe at constant speed. There is a pulley 
at B, and the pipe does not slip on the skids. The lower portion of the rope is parallel to the skids. 


Given: 
W = 800 lb 
Hk = 0.3 
a = 15 deg 
B = 30 deg 
Solution: 


-wrsin(p) + To cos(a@)(rcos( a) + rcos(f)) + T) sin(a)(rsin(@) + rsin(£)) =0 


Wsin(£) 
T> = ees T> = 203.47 lb 
? 1+ cos(a) cos() + sin(a) sin(f) . 
T= re Hea) aie 


Problem 8-101 


A cord having a weight density y and a total length L is suspended over a peg P as shown. If the 

coefficient of static friction between the peg and cord is 4, determine the longest length h which 
one side of the suspended cord can have without causing motion. Neglect the size of the peg and 

the length of cord draped over it. 
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Given: 


aga? 
eT 


L = 10 ft 


Us _ 0.5 


Solution: 


ee a 


WT 
y= yL-he® 


Problem 8-102 


Tz = (L-h|h) 
MsX@ 
e 
h=L 
1+e 


h = 8.28 ft 


rf] 


Chapter 8 


Granular material, having a density ¢ is transported on a conveyor belt that slides over the fixed 
surface, having a coefficient of kinetic friction of 44. Operation of the belt is provided by a 
motor that supplies a torque M to wheel A.The wheel at B is free to turn, and the coefficient of 
static friction between the wheel at A and the belt is yz ,. If the belt is subjected to a pretension 

T when no load is on the belt, determine the greatest volume V of material that is permitted on 
the belt at any time without allowing the belt to stop. What is the torque M required to drive the 


belt when it is subjected to this maximum load? 


Units used: 
Mg = 10 g 
Given: 
r = 100 mm 
HA = 0.4 
Lk = 0.3 
k 
p = 1500 ae 
3 
m 
T = 300 N 
= 9.81 — 
g 2 
Ss 


! { Tr; 


—p 


| Ht Othe) 
NT) 


Vy 
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Solution: 
a 
Te re a) T> = 1053.9 N 
Wheel A : 
=M,= 0; -M-Tr+Tor=0 M=-Tr+Tor M = 75.4N-m 
Belt 
T2-T 
LF, = 0; To -ukmjg-T=0 my = my = 256.2 kg 
Hk g 


Problem 8-103 


Blocks A and B have a mass M, and Mg, respectively. If the coefficient of static friction 
between A and B and between B and C is yu, and between the ropes and the pegs D and E w’',, 
determine the smallest force F needed to cause motion of block B. 


Units Used: 
kN = 10° N 
Given: 


0 = 45 deg Us = 0.25 


My = 100kg p's = 0.5 
Mp = 150 kg P=30N 
= 9.81 = 
g=4. 5 
S 
Solution: 


Assume no slipping between A & B. 


Guesses _ | 
/ \ 


F=1N Nap=1N  Fap=iN 


=P; 
MeL in “Bax eNS ye aN 4 
Nan 
Given 
WT WU 
uf +0) M's — 
F = Fpre Fap = Pe 
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Fpgcos() — UsNBc — Fag = 0 Nan Fy 
f iW ’ PA 
a 
Fpgsin() — Nap - Mpg + Ngc = 0 re a £4" 
| 
—— 
—FaD = FAB =O t Fini = phy No 
Nin 
NaB- Mag = 0 
F 
Pe - 2.49 
bi NAB] | 0.98 
AB 
Ney |= Find(F ,Nap.F ap. Npc.F Be. Fap) FAB O07 | 
ia NBC 1.91 
FBE FBE 0.77 
FAD Fap} \0.07 
Now check assumption FABmax = L'sNAB 


Since Fag = 65.8 N < Fapmax = 245.3 N _ then our assumption is correct 


F = 2.49kN 


Problem 8-104 


Blocks A and B weigh W, and W,, respectively. Using the coefficients of static friction 
indicated, determine the greatest weight W of block E without causing motion. 


Given: _- -. 
W, =50lb d=12 
Wo iAO ly PAS OP a 

_— ! py 
eis. eRe m . ey 
barn = MC=02 , O 
c=5 Lp = 0.3 pS 

| 
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i= 
vs 


Solution: | Assume that the wedge slips on the ground, but 
the block does not slip on the wedge and the 
block does not tip. 


Guesses W = 1 1b Tp =11lb Tc =1\b 


Na =1lb Fa =11b Ng =1\1b 


Given 
a a 
HC W HD 
—= Tce > = Tpe 
1 
d c 
Fa - uBNB 5 NB +Tp=0 
Cxd eae 
NB + uBNB —W2-N4a=0 
(e+e (eee 

Tc -F,a =0 Na - Wi = 0 -Tcb+Nax=0 Famax = HANA 
Ww 

Tp 

Tc 

NA 

a = Find(W, Tp, Tc, Na. Fa, Np.x.F Amax) W = 8.15 lb 

A 

NB 

x 

F’Amax 
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Check assumptions 


Since F4 = 2.97 lb < Famax = 15.00 lb then the block does not slip relative to the wedge. 


a 
Since x = 0.12 ft < oes 0.75 ft then the block does not tip. 


Problem 8-105 


Block A has mass m, and rests on surface B for which the coefficient of static friction is [1,4,. If the 
coefficient of static friction between the cord and the fixed peg at C is y,., determine the greatest 
mass mp of the suspended cylinder D without causing motion. 


Given: 
ma = 50 kg 
ae Hhyae 
HsC = ¥. 
ys 
a=03m . hi? 
Vi- La 
b = 0.25 m T ~~ L- 
c=04m 
d=3 
f=4 Hoan Na 
= 9.81 = 
g=9. 


Ss 


Solution: Assume block A slips but does not tip. BH=a- aan 5) 


The initial guesses: Np = 100 N T=50N mp=1kg x = 10 mm 
d 
Given mpg = relish ———_. |T- mag + Np=0 
2 2 
Vf +d 


_f f d (2) 
at — Fae =O ae bes pe ae 
FS) aS) Wad ; 
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NB 
NB 413.05 
salle Find(Ng, T,mp, x) - ta N mp = 25.6 kg 
x xX = 0.052 m 
Since xX = 51.6mm < “ = 125mm our assumption is correct Mp = 25.6 kg 


Problem 8-106 


Block A rests on the surface for which the coefficient of friction is “,,,. If the mass of the 
suspended cylinder is mp, determine the smallest mass m, of block A so that it does not slip or tip. 
The coefficient of static friction between the cord and the fixed peg at C is suc. 


Units Used: 


agai. o 
g = 981 > 


Hie 


> 
Il 
ad 
N 
wa 
5 


Solution: Assume that slipping is the crtitical motion BH=n- aan 5) 


The initial guesses: Ng = 100 N T=50N my=1kg x = 10 mm 
d 
Given mpg = res? —— _ |T- mag + Np=0 
2 2 
Vf +d 
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af i d b 
——*— |T + usapNp = 0 Bg el eG 
F =) Fi +) F =) : 


NB 
NB 64.63 
2, = Find(Ng,T,ma, x) is = al N ma = 7.82 kg 
x xX = 0.052 m 
Since X = 51.6mm < : = 125mm our assumption is correct ma, = 7.82 kg 


Problem 8-107 


The collar bearing uniformly supports an axial force P. If the coefficient of static friction is 


Hz, determine the torque M required to overcome friction. 
Given: 
a=2in 
b = 3 in 
P = 800 lb 


Us = 0.3 


Solution: 


a 1 a? +ab+b- 5 
= Us P| — | —————_ M = 304.00 lb- in 
b 2 a+b 


Problem 8-108 


The collar bearing uniformly supports an axial force P. If a torque M is applied to the shaft and 
causes it to rotate at constant velocity, determine the coefficient of kinetic friction at the surface 
of contact. 


866 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 8 


Given: 
a=2in : 
b =3in 
P = 500 Ib b a a — P 
M = 3|b ft 5 M 
! 
Solution: 
by _(ay 
a 2 2 auiP \ b° — a? 
ee il Oa i ee ee ee 
? b a 2 b° -a 
2 2 
oMb|b2 — a2) 
Hk = 2-3 Hk = 0.0568 
aP(b —a 
Problem 8-109 
P 
The double-collar bearing is subjected to an axial force 
P. Assuming that collar A supports kP and collar B M 


supports (1 — k)P, both with a uniform distribution of 
pressure, determine the maximum frictional moment M 
that may be resisted by the bearing. 


Units Used: 
kN = 10° N 
Given: 
P=4kN 
a = 20 mm 
b = 10 mm 
c = 30 mm 
Ms = 0.2 
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k = 0.75 
Solution: 
2 mee ub 
M=-—u 5 he 5 (1-k)P 
c -—b a —b 
M = 16.1N-m 


Problem 8-110 


The annular ring bearing is subjected to a thrust P. If the coefficient of static friction is /4,, 
determine the torque M that must be applied to overcome friction. 


Given: 
P = 800 lb 
Us = 0.35 
a = 0.75 in 
b=1in 
c=2in 
Solution: 
3 3 
2 b° -c 
M = —yu,P| ——— M = 36.3 lb- ft 
3 b2 u Pa 


Problem 8-111 


The floor-polishing machine rotates at a constant angular velocity. If it has weight W, determine the 
couple forces F the operator must apply to the handles to hold the machine stationary. The 
coefficient of kinetic friction between the floor and brush is 44. Assume the brush exerts a uniform 


pressure on the floor. 


Given: 
W = 80 lb 
Lk = 0.3 
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a = 1.5 ft 
b =2 ft 
Solution: 


aw (3) 
ee Hew 
3 a 


F = 10.71b 


Problem 8-112 


The plate clutch consists of a flat plate A that slides over the rotating shaft S. The shaft is fixed to the 
driving plate gear B. If the gear C, which is in mesh with B, is subjected to a torque M, determine the 
smallest force P, that must be applied via the control arm, to stop the rotation. The coefficient of 
static friction between the plates A and D is ,. Assume the bearing pressure between A and D to be 


uniform. 
Given: 
M = 0.8 N-m 
= 0.4 
Hs M 
a, 
a = 150 mm 
b = 200 mm F 
7 


c = 100 mm 


a 
lI 


125 mm 


e = 150 mm 


f = 30 mm 
Solution: 
M 
F=— F = 26.667 N 
f 
Mp = Fe Mp = 4.00N-m 
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2 Ge 3Mo{ d* — 
Mp = —pUsP' -— P' = a P'=885N 
3 d -c 2Us d -c 
b 
P'b—-Pa=0 P=p'|— P=118N 
a 


Problem 8-113 


The shaft of diameter b is held in the hole such that the normal pressure acting around the 
shaft varies linearly with its depth as shown. Determine the frictional torque that must be 
overcome to rotate the shaft. 


Given: Py 
a =6in p (|| 
M ‘ 
Ib ES y t \ i eB oh 
Po = 60 a) u (4 \ “ ) 
6 —s - | | 
in eee h y/ 
b = 4 in —— 
Us = 0.2 \ ] | 
Solution: 
ad 
X b b , 
N= — | po2z| — | dx T = UsN — T = 905lb-in 
a 2 2 
0 


Problem 8-114 


Because of wearing at the edges, the pivot bearing is subjected to a conical pressure distribution at its 
surface of contact. Determine the torque M required to overcome friction and turn the shaft, which 
supports an axial force P. The coefficient of static friction is z,. For the solution, it is necessary to 


determine the peak pressure py, in terms of P and the bearing radius R. 


Solution: 


2 
mpoR 3P 


P= [po - po=}rarao- 


dM = rdF = rudN = rupdA = ru prdédr 
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dh=y dA 


P=Py—Pi(p) UN =puA 


R 


2 
Po \ 2 e 1 3 «a ( 3P 3 wPR 
M= | po-—r|r dr 1d6=—yupoR = =u) —— |R = — 
R 6 6 2 2 
0 mR 
0 
_ UPR 
Thus, _ 2 
Problem 8-115 P 
The conical bearing is subjected to a constant | M 
pressure distribution at its surface of contact. If the 
coefficient of static friction is su, determine the — 
torque M required to overcome friction if the shaft 
supports an axial force P. 
Solution: |— Riel 


The differential Area (shaded) 


a 
P: 

2ardr sn iis. 

dA = 2nr = ——_ mf fl 


=O) ~ cos(6) — 


R 
P= | pcos( 8) dA = peos( a as dr = 2p| rdr= mpR? ae 
cos(6) 0 p= ee 
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2s P R® 2usPR 
3 


R? cos(@) 


Problem 8-116 


The tractor is used to push the pipe of weight W. To do this it must overcome the frictional forces 
at the ground, caused by sand. Assuming that the sand exerts a pressure on the bottom of the pipe 
as shown, and the coefficient of static friction between the pipe and the sand is “,, determine the 


force required to push the pipe forward. Also, determine the peak pressure Pp. 


Given: 
W = 1500 lb 
Us = 0.3 
L = 12 ft 
r= 15in 
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Solution: 


Na 


+4 F,=0; 21 pocos( @)r dé cos(6) — W = 0 
0 


Na 


* fF = pr dé 


W=2poLr cos“ d0 = pots(2) 
0 


5 WV 0.442 OO 
Po = Po = a i ie 
rL a a 
V=W 
WT 
2 
+ ypeq. F= Ls po Lrcos(6) da F =573\b 
7 =a 
2 


Problem 8-117 


Assuming that the variation of pressure at the bottom of the pivot bearing is defined as p = 
Po(R,/r), determine the torque M needed to overcome friction if the shaft is subjected to an axial 
force P. The coefficient of static friction is 4,. For the solution, it is necessary to determine pg in 
terms of P and the bearing dimensions R, and R>. 


Solution: 


2m Ro 
P= | | prdrdé 
0 Ry 
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P = 2poR2(R2 - R1) 


7 P 
~ 2aR2(Ro - R1) 


270 
rar- | 


Po 


Ro 
| rus por dr dé 


= 
I 
———, 


0 “Ry, 
A 
2 72a 
R2\ 9 2 2) 
M= Hs Po| — |r drd@= rs poR2\R2 - Ry 
0 “0 
: ; : 9 sP(R2 + Ry) 
M= RoR —Rj . y) 
sae = zy 


Problem 8-118 


A disk having an outer diameter a fits loosely over a fixed shaft having a diameter b. If the 
coefficient of static friction between the disk and the shaft is ,, determine the smallest 


vertical force P, acting on the rim, which must be applied to the disk to cause it to slip over 
the shaft. The disk weighs W. 


- a - 
Given: 
a = 8in 
b =3 in 
Hs = 0.15 
W = 10 |b 


Solution: 


gs = atan(us) 3 
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4 


XM = 0; 
r 
Wrr- IP =0 P = (2) P = 0.59 1b 


Problem 8-119 


The pulley has a radius r and fits loosely on the shaft of diameter d. If the loadings acting on the belt 
cause the pulley to rotate with constant angular velocity, determine the frictional force between the 
shaft and the pulley and compute the coefficient of kinetic friction. The pulley has weight W. 


Given: 
r=3in 
d = 0.5 in 
W = 18 lb 
Fy, =5]b 2 
Fz = 5.5 Ib 
Solution: Fi F, 
+H Fy=05 R-W-F,-Fo=0 R=W+F,+Fo R = 28.5lb 


| XMo = 0; For+ Fyr+Rrp=0 rf rf = 0.05263 in 


i 
aN 
Bal 
N 
a] | 
Bal 
iv 
eae, 


rf = < sin( ox) ok = aol ‘) Ok = 12.15 deg 


ue = tan( gx) b= 0.215 


F = 6lb 


5 
c=) 
y 
NS 
2 
y 
— 
> 
y 
—™~ 
NI 
ich haar 
I 
(an) 
| 
os 
y 
NS 
a! | 
y 
i 
ee, 
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Problem 8-120 


The pulley has a radius r and fits loosely on the shaft of diameter d. If the loadings acting on the belt 
cause the pulley to rotate with constant angular velocity, determine the frictional force between the 
shaft and the pulley and compute the coefficient of kinetic friction. Neglect the weight of the pulley. 


Given: 
r=3in 
d = 0.5 in 
W = 0 |b 
Fy, =5]b 2 
Fo = 5.5 lb 
Fy F, 
Solution: 
+4 E F,= 0; R-W-F,-Fo=0 R=W+Fj,+Fo R= 10.5lb 
. Fo-Fy 
1 IM, = 0; For+Fyiyr+Rrfp=0 rf = 1 ——— rp = 0.14286 in 
\! Mo tee ETRY f F f 
qd. fal week 
rf = 5 sin( gx) ok = asin ae ok = 34.85 deg 
uu = tan( dx) 11 = 0.696 
Also, 
QM 20, See Ree SO F2- Fi 
ee ae 2 F = 21 —— F =6lb 


Problem 8-121 


A pulley of mass M has radius a and the axle has a diameter D. If the coefficient of kinetic 
friction between the axle and the pulley is 44, determine the vertical force P on the rope required 


to lift the block of mass Mz at constant velocity. 
Given: 


a = 120 mm 
M=5kg 


D = 40 mm 


876 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 8 


Lk = 0.15 i 
Mp = 80 kg Miu) 
/ 3 PY 
Solution: i) 
r * 
Mye ae 


dk = atan( ux) 


1 (O}ats 


2M, =0; 


Mpg(a rf) + Mgr P(a rf) =0 


Mpg(a + rf) + Mgrf 
= aes 


P = 826 N 


Problem 8-122 


A pulley of mass M has radius a and the axle has a diameter D. If the coefficient of kinetic 
friction between the axle and the pulley is 44, determine the force P on the rope required to lift 


the block of mass Mz at constant velocity. Apply the force P horizontally to the right (not as 
shown in the figure). 


Given: yy — 
a = 120mm ; 
M =5kg 
D = 40 mm 
Mk = 0.15 


Mpg = 80 kg 
: m 
Solution: g= Cert 


Pk = atan( 17x) 


rf = > sin( or) 
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Guesses 


Given 


Rcos(a) —Mpg-Mg=0 
P — Rsin(a) =0 


Mpga-Pa+Rrf=0 


P 
R | = Find(P,R, a) P=814N 
a 


Problem 8-123 


A wheel on a freight car carries a load W. If the axle of the car has a diameter D, determine the 
horizontal force P that must be applied to the axle to rotate the wheel. The coefficient of kinetic 
friction is 44. 


Units Used: 
kip = 1000 lb 
Given: 
W = 20 kip 
D=2in 
Hk = 0.05 
r= 16in 
Solution: 


=F, = 0; P —Rsin(¢) = 0 
ZF = 0, Rcos(¢) -W=0 


Thus, P = Wtan(¢) 


dx = atan( ix) dy = 2.86 deg 
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rf = (2 inf rf = 0.04994 in 
cls f 
o 
@ = asin| — @ = 0.1788 deg 
r 
P= Wtan(¢) 
P = 62.41b 


Problem 8-124 
The trailer has a total weight W and center of gravity at G which is directly over its axle. If the 


axle has a diameter D, the radius of the wheel is r, and the coefficient of kinetic friction at the 
bearing is 44, determine the horizontal force P needed to pull the trailer. 


Given: sRaTaee Sri 


W = 850 lb eG 


r= 1.5 ft 
Uk = 0.08 


D=1in 
Solution: 


=F, = 0; P —Rsin(¢) = 0 


xF, = 0; Rcos(¢) -W=0 
Thus, P= Wtan(¢) 


Gx = atan(z1;) bk = 4.57 deg 


rf = (2 inf rf = 0.03987 in 


r, 

go = ain( ¢ = 0.1269 deg 
r 

P = Wtan(4) P = 1.881b 
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Problem 8-125 


The collar fits loosely around a fixed shaft that has radius r. If the coefficient of kinetic 
friction between the shaft and the collar is 44, determine the force P on the horizontal segment 
of the belt so that the collar rotates counterclockwise with a constant angular velocity. Assume 
that the belt does not slip on the collar; rather, the collar slips on the shaft. Neglect the weight 
and thickness of the belt and collar. The radius, measured from the center of the collar to the 
mean thickness of the belt is R. 


ee 


Given: 
r=2in —< i 
(Ne 
= 0 »\* 
a ( *\S2 }) 
R = 2.25 in \ of 
io ~ e 
F = 20 Ib Se 
FE 
F 
Solution: ok = atan( 1K) ok = 16.699 deg 
rf = rsin( gx) rf = 0.5747 in 
Equilibrium: 


t#E Fy=0; Ry-F=0 Ry=F _— Ry=20.001lb 


Guess P=1)b 


Given (Jp? ! Fp FR-PR=0 P=Find(P) P=13.79Ib 


Problem 8-126 


The collar fits loosely around a fixed shaft that has radius r. If the coefficient of kinetic 
friction between the shaft and the collar is 44, determine the force P on the horizontal segment 
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of the belt so that the collar rotates clockwise with a constant angular velocity. Assume that 
the belt does not slip on the collar; rather, the collar slips on the shaft. Neglect the weight and 
thickness of the belt and collar. The radius, measured from the center of the collar to the mean 
thickness of the belt is R. 


_——S——SS——o=&e=—_"_——sS Pp 


Given: 

r=2in 

Mk = 0.3 

R = 2.25 in 

F = 20 lb Mi 

F 
Solution: ok = atan( 1x) ok = 16.699 deg 
rf = rsin( gx) rf = 0.5747 in 

Equilibrium: 


t#E Fy=0; Ry-F=0 Ry=F _— Ry= 20.00Ib 


+ 
—>5F=0; P-Ry=0 Ry=P 
R=J)Ry +Ry =¥P?+F 


Guess P 1 lb 


Given (Jp? + Fee FR-PR=0 P =Find(P) P= 29.001b 


Problem 8-127 


The connecting rod is attached to the piston by a pin at B of diameter d, and to the crank shaft by a 
bearing A of diameter d,. If the piston is moving downwards, and the coefficient of static friction at 
these points is 4,, determine the radius of the friction circle at each connection. 


Given: 


dy = 0.75 in 
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dj) = 2 in 
Hs = 0.2 
Solution: 

: d 0.21 
ra = — rga = 0.2in 
ae ees fA 

: d 0.075 i 
r. = r. = o in 
fB > 1 Hs fB 


Problem 8-128 


The connecting rod is attached to the piston by a pin at B of diameter d, and to the crank shaft 
by a bearing A of diameter d,. If the piston is moving upwards, and the coefficient of static 
friction at these points is “,, determine the radius of the friction circle at each connection. 


Given: 
d; = 20mm 
dy = 50 mm 
Hs = 0.3 
Solution: 
: d 7.50 
I. = — r. = A Inm 
fA = 5 42 Hs fA 
: d 3 
fB = 5 41 Ms fB 
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Chapter 8 
Problem 8-129 
The lawn roller has mass M. If the arm BA is held at angle @from the horizontal and the 
coefficient of rolling resistance for the roller is r, determine the force P needed to push the 
roller at constant speed. Neglect friction developed at the axle, A, and assume that the 
resultant force P acting on the handle is applied along arm BA. 


Given: 
M = 80 kg 
0 = 30 deg 


a = 250 mm 


r= 25mm 


Solution: 


r 
Oo = sin( =) 
a 


0; = 5.74 deg 


xMp = 0; 
—rMg- Psin(6)r + Pcos(6)a cos(0;) =0 


p= rMg 
7 ~sin( 0) r+ cos( 6) a cos( 0) 4 
P=96.7N 


R 


Problem 8-130 


The handcart has wheels with a diameter D. If a crate having a weight W is placed on the cart, 
determine the force P that must be applied to the handle to overcome the rolling resistance. The 
coefficient of rolling resistance is yz. Neglect the weight of the cart. 
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Given: 

W = 1500 lb 
D=6in 
a = 0.04 in 
c=3 
b=4 

Solution: 

Guesses N=1lb P=t1\lb p 


W 
Given LL 


N-W-1( Foo] 0 
ee 
c +b 


N 
*) = Find(N,P) N= 1515lb P = 25.31b 


Problem 8-131 


The cylinder is subjected to a load that has a weight W. If the coefficients of rolling resistance for 
the cylinder's top and bottom surfaces are a, and ap respectively, show that a force having a 


magnitude of P =[W(a, + dg)]/2r is required to move the load and thereby roll the cylinder 


forward. Neglect the weight of the cylinder. 
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Solution: W 


— DF,=0; R4a,-P=0 Rax = P 


t#E Fy=0; Ray - W=0 Ray = P 


| 2M, = 0; P(rcos( ga) + rcos( ¢p)) = W(aa + ap) =0 


Since ¢, and @gare very small, (Ri) =P 


cos(¢a) = cos( gp) = 1 Hence from Eq.(1) 


Wi 
p= W(aa + ap) (QED) 
2r 


Problem 8-132 


A steel beam of mass M is moved over a level surface using a series of rollers of diameter D 
for which the coefficient of rolling resistance is a, at the ground and a, at the bottom surface 


of the beam. Determine the horizontal force P needed to push the beam forward at a constant 
speed. Hint: Use the result of Prob. 8-131. 


Units Used: 
Mg = 1000 kg 


885 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 8 


Given: 
M = 1.2 Mg 
D = 30 mm 


ag = 0.4 mm 
da, = 0.2 mm 


Solution: 


7 M gag + as) 


P = 235N 


Problem 8-133 


A machine of mass M is to be moved over a level surface using a series of rollers for which 
the coefficient of rolling resistance is a, at the ground and a, at the bottom surface of the 
machine. Determine the appropriate diameter of the rollers so that the machine can be pushed 
forward with a horizontal force P. Hint: Use the result of Prob. 8-131. 


Units Used: 

Mg = 1000 kg 
Given: 

M = 1.4 Mg 


ag = 0.5 mm 


dm = 0.2 mm 


P = 250 N 
Solution: 
pe M gag + am) 
27r 
ag + am 
ea aarrerres r= 19.2mm d=2r d = 38.5mm 
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Problem 8-134 Le i 3 


A single force P is applied to the handle of the drawer. If 
friction is neglected at the bottom and the coefficient of 
static friction along the sides is 4, determine the largest 
spacing s between the symmetrically placed handles so 
that the drawer does not bind at the corners A and B 
when the force P is applied to one of the handles. 


Chest 


Given: 
Ls = 0.4 t y= Hy Ny 
a =0.33m = = Ny 
uv 
b = 1.25 m t 
Solution: | 


Equation of Equilibrium and Friction : If 

the drawer does not bind at corners A and b=z P 
B, slipping would have to occur at points a ay 
A and B. Hence, F, = WN, and Fz = UN, 


—- XF,=0; Nge-Na=0 
Na = NB=N 


t#E Fy=0; LsNa + UtsNB- P = 0 P =2u,N 


+b 
| DM, = 0; No + usnb— (54 J=o 


s+b 


a+ Us b—- ws (s+ b) =0 s=— s = 0.750 m 


Problem 8-135 


The truck has mass M and a center of mass at G. Determine the greatest load it can pull if (a) the 
truck has rear-wheel drive while the front wheels are free to roll, and (b) the truck has 
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four-wheel drive. The coefficient of static friction between the wheels and the ground is yu, and 
between the crate and the ground, it is “,.. 


Units Used: 
kN = 10° N d 
Mg = 1000 kg : 
Given: 
M = 1.25 Mg 
Mst = 0.5 a= 
Msc = 0.4 oS 
c= 


m 
= 9.81 — d 
2 
s 
Solution: 
Guesses Na=1N Np=iN (iH) 
T=1N Nc =1N We=I1N 


(a) Rear wheel drive 
Given —T+ Us¢Na = 0 


Nat+Np-Mg=0 


Mgb+Np(b+c)+Ta=0 Py =bhy Ny 
T— UscNc = 0 
Nc-W=0 
NA 
NB 
T | = Find(Nq,Ng.T.Nc, W) W = 6.97kN 
Nc 
W 


(b) Four wheel drive 


Given —T+ fs¢Nq + st NB = 0 
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Na+Np-Mg=0 


Mgb+Np(b+c)+Ta=0 


T- UscNc = 0 
Nc-W=0 
NA 
NB 
T | = Find(Nq.Ng.T.Nc, W) W = 15.33kN 
Nc 
W 


Problem 8-136 


The truck has M and a center of mass at G. The truck is traveling up an incline of angle @. 
Determine the greatest load it can pull if (a) the truck has rear-wheel drive while the front wheels 
are free to roll, and (b) the truck has four-wheel drive. The coefficient of static friction between 
the wheels and the ground is y,, and between the crate and the ground, it is /4,.. 


Units Used: d 
kN = 10° N 
Mg = 1000 kg 

Given: - b -— Us| 
# = 10 deg 
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M = 1.25 Mg a= 600 mm 
st = 0.5 b=15m 
HUsc _ 0.4 C= 1 m 

m = 
g =9.81 = d = 800 mm 


S 
Solution: 


Guesses Na =1N Np=iN 


T=1N NG =1N We=I1N 
(a) Rear wheel drive 


Given 
-T + ustNa — Mgsin(@) = 0 
Na + Ng - Mgcos(6) =0 
~M gbcos(6) + Mgdsin(@) + Np(b + c) + Ta= 0 (ly) 


T — uUscNc — Wsin(@) = 0 
Nco- W cos( 6) =0 


NA 


T | = Find(N4,Ng,T,Nc, W) W = 1.25kN N, 


(b) Four wheel drive 


Given 


-T + ustNa + MstNp —- Mgsin(@) = 0 

Na + Np - Mgcos(6) = 0 

~M gbcos(6) + Mgdsin(6) + Np(b + c) + Ta =0 
T — UscNc — Wsin(@) = 0 


Nc - W cos( 6) =0 
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NA 
NB 
T | = Find(Na,Ng.T.Nc, W) W = 6.89kN 
Nc 
W 


Problem 8-137 


A roofer, having a mass M, walks slowly in an upright position down along the surface of a 
dome that has a radius of curvature p. If the coefficient of static friction between his shoes 
and the dome is yz, determine the angle @ at which he first begins to slip. 


Given: 
M = 70 kg 
p=20m 
Us = 0.7 
Solution: 


Mie) 


=F), = 0; Nm — Mgcos(@) =0 


LF. = 0; Mgsin(@) — wsNm = 0 


Hs = tan( 6) 
0 = atan(z/s) 
6 = 35.0 deg 


Problem 8-138 


A man attempts to lift the uniform ladder of weight W to an upright position by applying a 
force P perpendicular to the ladder at rung R. Determine the coefficient of static friction 
between the ladder and the ground at A if the ladder begins to slip on the ground when his 
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hands reach height c. 


Given: Pied 
a=2 ft | 
b = 14 ft i 
c= 6ft 
W = 40 lb 

Solution: x 


6 = asin (<) 
b 


Initial guesses 

P = 10 lb Na = 100 lb Ha = 100 Be 
Given 
=F,=0; waNq-Psin(6) =0 


2F,=0; Na-W+ Pcos( 6) =0 if 


=M , = 0; -W{ 2") cos(0) «Pb = 0 


P 
P 20.7 
Na | = Find(P, Na, ua) ee ~ ce aC 


HA 


Ha = 0.41 


Problem 8-139 


Column D is subjected to a vertical load W. It is supported on two identical wedges A and B for 
which the coefficient of static friction at the contacting surfaces between A and B and between 
Band Cis 4. Determine the force P needed to raise the column and the equilibrium force P' 


needed to hold wedge A stationary. The contacting surface between A and D is smooth. 
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Units Used: 
kip = 10° Ib 
Given: 
W = 8000 Ib 
# = 10 deg 
Us = 0.4 
Solution: 
wedge A: 
=F, = 0; Ncos(6) — uNsin(6) — W = 0 
ee Ww 
cos( 6) — 1 sin(@) 
N = 8739.8 1b 
=F, = 0; UsNcos(6) + Nsin(6) — P' = 0 
P' = ws N cos(@) + N sin(@) r 
P' = 4.96 kip ny 
Wedge B: p —> 5 =e N 
ZF, = 0; Nc + Ls Nsin(6) — Ncos(6) = 0 =H 
Nc = Us N sin(0) + N cos(6) N, 
Nc = 80001b 
=F, = 0; P - usNc — Nsin(@) — 1,Ncos( 8) = 0 


P = us Nc +N sin(0) + wsN cos(8) 


P = 8.16kip 


Problem 8-140 


Column D is subjected to a vertical load W. It is supported on two identical wedges A and B 
for which the coefficient of static friction at the contacting surfaces between A and B and 
between B and C is yu. If the forces P and P' are removed, are the wedges self-locking? The 


contacting surface between A and D is smooth. 
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Given: 
W 
W = 8000 Ib | 
? = 10 deg : 
Hs = 0.4 
: 
Solution: 
Wedge A: : 
=F, = 0; N-Weos(6) = 0 S 
ae — Wcos|@) = 
N= W cos(@) a Al<—_p' 
P B v 
ee) 
N = 7878.5 |b G 
=F, = 0; Wsin(6) — F =0 , 
vu / 
F=W sin( 6) 17 
/ 
F = 1389.2 1b =i 
. 
a | 
Friction Fmax = HsN Be Pg ee 
N 


Since F = 13891b < Fymgx = 31511b then the wedges do not slip at the contact surface AB. 


Wedge B: 
ZF, = 0; Nc — Fsin(@) — Ncos(6) = 0 


Nc =F sin( 6) +N cos( 6) 
Nc = 8000 1b 


XF, = 0; Fc + Fcos( 0) — Nsin(@) =0 


Fo =-F cos( 8) + N sin(6) 
Fc = 0lb 


Friction Fomax = UsNC 
Since Fo = 0lb < Femax = 32001b then the wedges do not slip at the contact surface BC. 


Therefore the wedges are self-locking. 
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Problem 9-1 


Locate the center of mass of the - a + 
homogeneous rod bent in the form of a 
parabola. i 


Given: 


1m 


a 


b=2m 


Solution: 


Yc = 0.912 m Xe=Om 


Problem 9-2 


Locate the center of gravity x, of the homogeneous 


rod. If the rod has a weight per unit length 7, 
determine the vertical reaction at A and the x and y 
components of reaction at the pin B. 


Given: B, 
Ib 
y = 0.5 — 
ft \, 2s h, 
a=1ft 
b =2 ft 
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Solution: 


W=y7L W = 1.162 lb 


Xo = 0.620 ft 


Guesses Ay = llb By = 1b By = 1lb 


Given By=0 Ay+By-W=0 -Aya+W(a-x-) =0 


By By 0.000 
By | = Find(By, By, Ay) By | =| 0.720 | Ib 
Ay Ay 0.442 

Problem 9-3 


Locate the center of mass of the homogeneous rod bent into the shape of a circular arc. 


Given: , 
r = 300 mm Fre, 
.. gos 
0 = 30 deg - 
\ ' 
Solution: A 
| /} : 
Yc = 0 Symmetry { 
A 
—at 
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740 
2 
r cos(a) rda 
Xo = Xc = 124.049 mm 
—+0 
rda 
ee 
2 
Problem 9-4 


Locate the center of gravity x, of the homogeneous rod bent in the form of a semicircular arc. 
The rod has a weight per unit length Also, determine the horizontal reaction at the smooth 


support B and the x and y components of reaction at the pin A. 


Given: 


0.5 = 1 
i = m ) = 
ft > —~ 
——— 


r=2 ft r \\ 
\a 


Solution: A t 


ae 
2 
rcos( @)r dé 
ae 
2 
xc = 
z Xe = 1.273 ft 
2 
rdé 
= 
2 
Qo UM, = 0; —aryXxc+By(2N=0 By = a 
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+ 

— x F,=0; —Ay + By = 0 Ay = By Ay = 1]b 
+4 F,=0; Ay — ary =0 Ay = ary Ay = 3.14 1b 
Problem 9-5 


Determine the distance x, to the center of gravity of the homogeneous rod bent into the parabolic 


shape. If the rod has a weight per unit length y determine the reactions at the fixed support O. 


Given: 
y 
Sgn 
Yay. ft ; 
a=1ft h 
b = 0.5 ft 
y A 
ad 
r a ~| 
Solution: 
2 
x 
a 
dy 25x 
dx | 2 
a 
ad 
2bx A 
1 1+ 5 dx L = 1.148 ft 
a 
0 
ad 
2 
1 2b 
eed (ae 1+/ *) Xo = 0.531 ft 
L 2 
a 
0 
+ 
— >» F,=0; Ox = 0 Ox = 0 lb Ox = Olb 
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t#E Fy=0; Oy-7yL=0 Oy =7L Oy = 0.574 1b 
| XMo = 0; Mo-yLlx-=0 Mo =7L xe Mo = 0.305 lb- ft 
Problem 9-6 


Determine the distance y,to the center of gravity of the homogeneous rod bent into the parabolic 


shape. 
Given: ) 

a=1ft 

b = 0.5 ft 

fi 
Solution: 
2 
i a 
oa a r oe “| 


dy 2bx 
dx | 2 
a 
a 
2 
2b 
Pe es = dx L = 1.148 ft 
a 
0 
a 
1 X Z 2bx 2 
Vo= Tt b|— 1+ dx Yc = 0.183 ft 
L a 2 
a 
0 
Problem 9-7 


Locate the centroid of the parabolic area. 


Solution: h 
a 


b2 


899 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 9 


dA = x dy , 
gouse _ i | 
/ 
Jez y / 
j I 
i / 
h 5 La 
A=| b/2ay=hb{2 = 
h h oe : ‘ 
0 L hi - 
I 
h 
3 1 ; 3 
eS Shh aye nae 
2hb | 2 h 2 ' 
8h 
0 
Xc = —b 
5 
; 5 
2 
3 y 3 (h 
Ses ip aye he 
ae hb yb [ay 5 (7) 
0 
3 
Ye = sh 


Problem 9-8 


Locate the centroid y, of the shaded area. 


Given: 


a = 100 mm 


b = 100 mm 
O t ; ’ € 
Solution: NHJ (+) 
9 “ 
x 
y = (2) } i —p—— 1 
a 
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x=a [2 
b 
b 
y 
2a {/—d 
| y b Ly 
0 
i a Yc = 60mm 
y 
2a j/—d 
b Ly 
0 
Problem 9-9 } 


Locate the centroid x, of the shaded area. 


Solution: 
dA = ydx 
Xc =X 
mee 
ae 
b 
h 
xX dx 
b 4 
0 3b 
ee: ara ees 
9 b mone 
h= dx 
b 
0 
‘ 2 
1(h 
ales dx 
2/4 : 
0 we gS Eee 
Ye b ie aa JEG 
h 2 
ae 
b 
0 
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Problem 9-10 


Determine the location (x, y,) of the 
centroid of the triangular area. 


Solution: 
a 
1 
A -| mx dx = — aom 
0 2 
cae tig 2 
ma “0 3 
a 
2 1 1 
Ve = ——= =(mx)? dx = am 
2 2 3 
ma Jy 


v= mix 4 


A 


2 
Xc = 7a 

m 
Nee 


Chapter 9 


Problem 9-11 


Determine the location (x, y,) of the center of 
gravity of the quartercircular plate. Also 
determine the force in each of the supporting 
wires. The plate has a weight per unit area of 7 


Given: 
v= 2 = 
ft 
a=4ft 
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Solution: 
2 2 2 
x +y =a 
2 2 
y=ya -x 
: 
ae 
A= a W = Ay W = 62.832 Ib 
1 ad 
eee xy a? — x? dx Xo = 1.698 ft 
Ag 
dd 
if a 
yee ola _ 2°) ax Ye = 1.698 ft 
; : .| 


Guesses TA = 1lb TB = 1lb 


Given Ta+Tp-W=0 Tpa—- Wx. = 0 

TA TA 36.2 
= Find(T,, Tp) = Ib 

Tp TB 26.7 


Problem *9-12 


Locate the centroid of the shaded area. 


\=asin' 
—V=as a 
& I 


a: 
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Solution: 
_ y 
dA = ydx Xc =X ye= 5 
T 
2 
A= asin( 2) ox = 21 0 
L a 
0 
T 
1 
ee xasin| — dx=—L Xe = —L 
2La L 2 2 
0 
L 
2 
vA 1 _ ( ax a 1 1 
=— | —| asin) — =— 7a = 
ee OT as), 6 L 8 canes 
0 


Chapter 9 


Problem 9-13 


Locate the center of gravity of the homogeneous 
cantilever beam and determine the reactions at the 
fixed support.The material has a density of p. 


Units Used: Mg = 10° kg kN = 10°N 


; Mg 
Given: ee a=1m 
m 
b=4m 
GASB 26205 im 
S 
Solution: 
0 
. 2 
V= ca( =) dx W = pgV 
—b 
0) 
2 
1 
Xe= = xca\~| dx 
V b 
-—b 
0 
2 
1 c X 
== Cops) dx 
a | 2 (=) 
—b 
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0 
ie Xe) (3.00 
SW) el ae y 0.25 | m 
Zo. == al — = : 
MN LB : 
i, ze} \-0.30 
Guesses Ay=1N Ay=1N A,=1N My, = 1N-m 
Givn Ay=0 Ay=0 A,-W=0 Mg - W(b + xc) = 0 
Ax 
is Ax 0.00 
y 
Pal Find(Ay, Ay, Az,Ma) Ay | =| 0.00 |kN Mg = 52.32kN-m 
. A) 5282 
MA 
Problem 9-14 
Locate the centroid (x, y,) of the 
exparabolic segment of area. 
—, 
Solution: ? eek 
0 ' 
b 
A= <x dx = — ab 
a 
—-ada 
0 
b —3 =8} 
Xo = x— x dx=—a Xc=—a 
ab 2 4 4 
a 
—-ada 
0 
3 CO 28 = 
—| -=|—x"| d=—b = —pb 
ye ab se 10 mea 
—ada 
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Problem 9-15 


Locate the centroid of the shaded area. 


Solution: 
ad 
h 
xh ——x"| dx 
n 
a 
0 +1 
xc = c= a provided that n # —2 
a ‘ 2(n + 2) 
h——x"| dx 
n 
a 
0 
° 2 
1 h 
|! oferta exe | \ de 
2 n 
a 
a Z h rovided that n # ai, 
Coo = V1 ed 
ve a (ee a 2 
hn 
h-—x | dx 
n 
a 
0 


Problem *9-16 


Locate the centroid of the shaded area bounded by the parabola and the line y = a. 
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(wv 


Solution: 


3 
2 
‘a 2 2 
2 \a 2a 
a-| Joy? A=— 
0 3 a 
ad 
: DF d a a 
Xn = _ — Ma = = 
C oe gay ey 8 C 8 
0 
5 
a 2 
3 3 2 3 
re-,| yay dy = = (c’) US 
2a “0 5a 


Problem 9-17 


Locate the centroid of the quarter elliptical area. 
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Solution: 
a 
2 
b 
As) & 1-(2) dx Aan aah 
a 4 
0 
a 
ey 4 4 
Xe=—— | xb ]/1-|—-}| dx=—a Xe = —a 
mab a 32 37 
0 
a 
2 
2 
a8 sf fa (2) ax=— 5 Sas 
ee tab 2 a 30 ie 32 
0 
Problem 9-18 } 
Locate the centroid x, of the 
triangular area. 
hh 
y= ay die 
fi “ 
Solution: 
bh 
A=— ™ ij = 
a b 
2 h aoa: h (ods a+b 
=— X—X x —X a= 
© bh a =a ad 
0 a 


Problem 9-19 


Locate the centroid of the shaded area. 
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\ 
y=h(i-[+]} 


Solution: ue . 
ad 
2 
x 2 
A= > fs-(2) | dx A = 10.667 m 
a 
0 
ad 
1 X a 
=— b= oT =| — dx =6m 
Xc ri (=) Xc 
0 
ad 
Eo) “Alpe ba | Pere xy lle 2.8 
=— a -|— - -|-— = 2.8m 
a A 2 a a us 
0 


Problem 9-20 


Locate the centroid x, of the shaded area. Solve the problem by evaluating the integrals using 
Simpson's rule. 


Given: y 


Solution: ‘A 
da 
i 35 
ke) psakg@ 2 ie?) ay A =2.177 ft 
0 
ad 
i 5 
1 2 3 
Xe =— | xXb-yx 4+ 2x” / dx Xc = 0.649 ft 
A Jo 


909 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 9 


Problem 9-21 


Locate the centroid y, of the shaded area. Solve the problem by evaluating the integrals using 
Simpson's rule. 


Given: 
a=2 ft 
a= “oe 
b= ae + 2a 
4 
Solution: 
a 
a oe 
A= | \o— yx? 42x37) ax A =2.177 ft 
0 
ad 
a “we 
1 1 2 3 2 3 
ee ace x” + 2x” J\b-y x” + 2x” / dx Yc = 2.04 ft 
0 
Problem 9-22 } 
The steel plate has thickness t and density o. Determine 
the location of its center of mass. Also compute the 
reactions at the pin and roller support. 
Units Used: 
kN = 10° N : 
Given: 
t=03m a=2m 
p = 7850 = ae 
m 
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m b 
g = 9.81 — O= san) 
2 Cc 
s 
Solution: y 
: x bx (War =i) TF 
We [o fe) a A = 4.667 m* ae | 
Cc Cc 
0 Vg u 
C 
1 xX bx 
Xo = xia {-—+— | dx Xc = 1.257 m ‘ 
A (ol (ol 
0 
C 
1 1 X bx X bx 
Vo=—}] -la]/-+—]la/—--—]dx yo=0.143m 
A 2 (ol Cc (ol Cc 
0 


Equilibrium W = pAtg 


Guesses Ax =1N Ay=1N Np=1N 


Given  Ay— W+ Ngcos(6) = 0 Ay + Ngsin(6) = 0 Npy b* +c? — Wxe = 0 
Ax Ax 33.9 
Ay | = Find(Ay, Ay, Np) Ay | =| 73.9 |kN 


Problem 9-23 


Locate the centroid x, of the shaded area. 


Given: 
a=4ft 4, = ot 
b=4 ft f 
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Solution: 
a 
2 
b 
A= eS (2) dx 
a a 
0 
a 
2 
1 b 
te {2 Z (2) dx Xo = 2.00 ft 
A a a 
0 


Problem 9-24 


Locate the centroid y, of the shaded area. 
Given: 
. { 
a=4ft 
b=4ft 4 @ 
Solution: ) Vyi=b(S) 
a 
2 
b t a 
a= | | o[2) Jo 
a a + ! - 
0 
a 
1 1}, x x : bx x 2 
Ye =| Sb] bl — fF | | bl =| hae Yc = 1.60 ft 
A 2 a a a a 
0 


Problem 9-25 


Locate the centroid x, of the shaded area. 


Given: 


a=4m 
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b=4m 
Solution: (yy 
5 ad 
a 
2 
x x 
A= » [= -0(2) dx y 
a a 
0 Te. 
5 =a) 
a 
1 x rag 
Xe = b f—-—b| — dx 
A a a ‘ 
0 
Xc = 1.80 m 


Problem 9-26 


Locate the centroid y, of the shaded area. 


Given: j 
(yy_s 
a=4m , 
b=4m hy 
~=(2) 
Solution: 
ad 
X a 
gill i (2) i 
a a 
0 
a 
1 1 X ae xX x/ 
yo=z—] =b/—+b/—-| |b /—- db] —] | ax Yc = 1.80 m 
A 2. a a a a 
0 
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Problem 9-27 


Locate the centroid x, of the shaded area. 


Given: 
a=1in 


b = 3 in 


c=2in 


Solution: 


Chapter 9 


Xe = 2.66in 


Problem 9-28 


Locate the centroid y, of the shaded area. 


Given: 
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Solution: 
a+b 
x 
A= (ol 
a+b 
da 
a+b 
1 1 ; 
x 
SSE =|. dx = 0.804 in 
ver a 2 [ a+ ; ue 
a 


Problem 9-29 


Locate the centroid x, of the shaded area. 


Given: an 
L 
a=4in 
b = 2 in ) 
c=3in 
; 
Solution: , 
‘ i 
a+b 
be T =| 
A= — dy A = 6.592 in" 
y 
b 
a+b 
: pve na 0.910 i 
Xe = =| == Xc = 0.910 in 
C ry ay Ly C 
b 


Problem 9-30 


Locate the centroid y, of the shaded area. 
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Given: 
a=4in hy 
x tir h 
b =2 in 
c=3in 
‘ 
Solution: ae 
a+b H 
b 
AS ay A = 6.592 in" 
y 
b ! = 
a+b 
1 be : 
V6 y| — | dy Yc = 3.64 in 
A y 
b 


Problem 9-31 


Determine the location r, of the centroid C of the cardioid, r= a(1 — cos@. 


Solution: 


20 a(1—cos( 6) 3 
a-| | rdrd0= a" x 


0 0 
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7 2 I a(1—cos( 6) _s 5a 
| | reos(6)r dr dd = — a leas 


0 


Problem 9-32 


Locate the centroid of the ellipsoid of revolution. 


2 
Solution: dV = ne dy ea i= 
b 
b 
2 2 2 
1,3b-b 
V= ma pass dy=—b 5 a x 
b 3b 
0 
b 
3 y 3: 30) 3b 
nae DA) eae WY oe eee Vea a 
2ba a b 
0 
By symmetry Xe = 20 = 0 


Problem 9-33 


Locate the centroid z, of the very thin conical shell. Hint: Use thin ring elements having a center at 


(0, 0, z), radius y, and width dL = (dy)? + (dz)? 
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Solution: 


5 a 2 a\2 _ az 
dL = dy’ +dz = 1+(2) dz = 1+(2) dz oar 


h 
1 : az 1+(2) 2 he he ear 
Zo = ——=—= | 2«— — = ——____—__ hi za} |—— 
2 
nay a? +h? 0 i it 374 (J aw) h 


Problem 9-34 


Locate the centroid z, of the volume. 
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Given: 
a=2ft 
a - 
b = 2 ft 
Solution: 
b v 
az 
Va] aw V = 12.566ft? 
0 
b 
1 ae 
Zo= =| za—dz Zc = 1.333 ft 
V b 
0 


Problem 9-35 


Locate the centroid of the solid. 


Solution: 


h 
Oh 
za|o( 2) dz 
6 
0 Sh 5h 
Zo = — _— 
Cc h 6,5 C 
pie 
Z 
“|a( 2) dz 
h 
0 
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Problem 9-36 


Locate the centroid of the quarter-cone. 


Sete 
§ 
Solution: 
re ) Ar 
r=—-(h-z Zc= Zz Xo = =— 
h C c= Yc 37 
h 
2 
V= “| 01-3] dz=—haa 
0 
h 
12 xla Z 1 
Zc = —— | z—|-(h-z)| dz=—h 
h 2 4|h 4 
aun 
0 
h 
12 4]/a m\a z 
ara 4 [e-a|4[f-9 dz} = — 
hae 32| h 4\h 1 
0 
a 
XO TY Cia am Logs el 
a 
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Problem 9-37 


Locate the center of mass x, of the hemisphere. The density of the material varies linearly from zero at 
the origin O to p,at the surface. Hint: Choose a hemispherical shell element for integration 


Solution: 


for a spherical shell 


Xeo= = ae re Me. = em 
/ ™ 
x } 
p= Ze ae / 
: | 7, o / 
dV = 27x" dx ; \ a Ps 
\ - \ F 4 
NY ee 
ad 
x\x 2 
pdf *) — 27x dx 
a) 2 
0 2 2 
Xe = ; = mee Xe =a 
x 2 
p*) 2x” dx 
a 
0 


Problem 9-38 


Locate the centroid z, of the right-elliptical cone. 


Given: y \ “s 
a=3ft / . ; " 
b=4 ft \ | 
c = 10ft 
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Solution: 


Volume and Moment Arm : From the geometry, 


x b b 

=— x= —(c- 2) 
CHz c 
y a a 

= ya ez) 
c-zZ Cc c 


The volume of the thin disk differential element is 


b 
dV = x—(c-2) “(e-Dez 
Cc Cc 


Cc 
b 
zm —(C —2Z) Ste- dz 
Cc Cc 
0 
Zo = 
b 
n—(c-2) “(c-2 dz 
Cc Cc 
0 


Chapter 9 


Problem 9-39 


Locate the center of gravity z, of the 


frustum of the paraboloid.The material 


is homogeneous. 


Given: 
a=1im 
b=05m 
c=03m 
Solution 
ad 
V= “8 LA 2 a] dz 
a 
0 


-z=alb?—y Vb? —e?) 
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Given: 


Chapter 9 
a 
1 Z 
pees aa _ 2(,2 a] dz 
V a 
0 
Zc = 0.422 m 
\ ) 
a 
\ 
Problem 9-40 
Locate the center of gravity y, of the volume. The material is homogeneous 


a = 25 mm 


c = 50 mm 


. ON } 
r ad y \ 
d = 50 mm 


: 
au J 
Solution: 


c+d 


Yc = 84.7 mm 


Problem 9-41 


Locate the center of gravity for the homogeneous half-cone. 
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ds 
_ 
Solution: 
h 
af{a Z 1 2 
V= See dy = —hza 
2\h 
0 
h 
6 
Yc = — =(2) dy=-—h 
pees 2\h 4 
0 
h 
6 4ay)\afay 
OO | Mesias (DA, 
hax 3hx 
0 
h 
6 a{ay : 
Xo = —— | 0-/|—] dy 
h 2 2\h 
az Jy 


3 
Leet 
a 
Lhe. = 
WE 
Xc = 0 


{a ftpy 


Chapter 9 


Problem 9-42 


Locate the centroid z, of the spherical segment. 
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Solution: 
a 
V= ae at) ae a 
24 
Bs 
24 27 27 
Zo = para tied 7 
40 40 
57a 


Problem 9-43 


Determine the location z, of the centroid for the tetrahedron. Suggestion: Use a triangular "plate" 
element parallel to the x-y plane and of thickness dz. 


ang 
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Solution: 
C= a 
e=>=2  x=i(e-) y= —(e-9) 
c a b c 
C 
2" (e-2)* a 
2 
Cc 
0 1 1 
Zo = SE Loe 
. 5 4 er 
a 
V (c-2° dz 
2 
Cc 
0 


Problem 9-44 


Determine the location (x, y) of the particle M, so that the three particles, which lie in the x-y plane, 
have a center of mass located at the origin O. 


Given: 
M, =7kg 
My.= ak 2 4 
2 = 3kg M a, 
M3 = 5kg |7_ 8 
a=2m 
b=3m yi 
a 0 = ; 
c=4m ‘ 
/ Q * 
P P as -  hM, 
M, Ww 
Solution: oi oe 
l 
Guesses x=1lm y=i1m 
Given M1,x+M2b- M3c=0 M,y- Mo2a-M3a=0 


Oc Ole) 
y ee y e209 


926 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 9 


Problem 9-45 


Locate the center of gravity (x, Y. Z,) of the 
four particles. 


Given: 


M;=2lb a=2tft 


aM 


Mo =3lb »b=3ft 


aM, M, 
Mg=1lb d=1ft _ 
f = 4 ft e=4ft 
ib ey QM 
h = -2 ft g=2ft 
i = 2 ft 
Solution: 


M,0ft +Moa+M3d+ Mag 
Xe = Xc = 1.29 ft 
M,+Mo+M3+My4 


M,0ft + Mob+M3e+ Mygh 
Vor, ===. A Yc = 1.57 ft 
M,+Mo+M3+M4 


M,0ft + Moc+ M3 f+Mgqi rere 
yas ee ee ek Zc = 0. 
M,+Mo2+M3+Myz4 2 


Problem 9-46 


A rack is made from roll-formed sheet steel and has the cross section shown. Determine the location 
(x,, y,) of the centroid of the cross section. The dimensions are indicated at the center thickness of 


each segment. 


Given: 
a = 15mm 
c = 80 mm 
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d = 50 mm ) 


e = 30mm 


Solution: 


L = 3a+2c+e 


2 o\ + cate) {\(e-oa 
a—+aj/e+—|+c(a+e)+ela+—]|+(c a 
2 2 
xc = a 
d—+c—+(c-d) +ad+ec 
Ye = 


Problem 9-47 


Xc = 24.4mm 


Yc = 40.6 mm 


Chapter 9 


The steel and aluminum plate assembly is bolted together and fastened to the wall. Each plate has a 
constant width w in the z direction and thickness t. If the density of A and B is p,, and the density of 


Cis ¢,,, determine the location x,, the center of mass. Neglect the size of the bolts. 


Units Used: \ 
Mg = 10° kg 
Given: 
w = 200 mm a = 300 mm 
t = 20 mm b = 100 mm 
Mg 
Ps = 7.85 = c = 200 mm 
m 
M 
Pal = 2.71 = 
m 
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Solution: 


2(osatw) = + [Paid + owv(a —b+ 2 ; “| 


2psatw+ Pqi(b+c)tw 


Xo = Xc = 179mm 


Problem 9-48 


The truss is made from five members, each having a length L and a mass density p. If the mass of 
the gusset plates at the joints and the thickness of the members can be neglected, determine the 
distance d to where the hoisting cable must be attached, so that the truss does not tip (rotate) when it 


is lifted. 
Given: 
L=4m 
k 
pas = 
m 
\ 
Lif 
he 
Zee 
(L/2) (vom HI) 
Solution: 
L L 32 5L 
pL > + mn + A +L+ Gl 
d = — d=3m 


5eL 


Problem 9-49 


Locate the center of gravity (x, Yo Z,) of the 
homogeneous wire. 
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Given: 
a = 300 mm 


b = 400 mm 


Solution: 


Problem 9-50 \" 


Determine the location (x, y,) of the center ; / 


of gravity of the homogeneous wire bent in 
the form of a triangle. Neglect any slight 
bends at the corners. If the wire is 
suspended using a thread T attached to it at 
C, determine the angle of tilt AB makes 
with the horizontal when the wire is in 


equilibrium. 
Given: 
aq=5in 
b =9in B 
3 t 
c= 12in 
|* a - h o} 
930 
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r 
Solution: | 
= ) }- ‘ o< 


eas NS, 
Sabie Se 2p ee mx ol A \ 
SS W Y 
(xX. — a) — _ Ie 
WF 
1 a+b d b 
Xe = —|(a+ b) a ac 4 bee las Xc = 6.50 in 
L 2 2 2 


1/ | Cc / c 
re= o{ aac os Pees) Ye = 4.00 in 


Xc-a 
0 = atan 0 = 10.6deg 


Problem 9-51 


The three members of the frame each have weight density y. Locate the position (x,y,) of the center 


of gravity. Neglect the size of the pins at the joints and the thickness of the members. Also, calculate 


the reactions at the fixed support A. 
\ 


Given: 

yeah 

ft 
P = 60 lb 
a =4ft 
b= 3 ft 
c=3ft 
d=3ft 

i 


es tt 
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Solution: 


Wav 4(b4074 2 e404 a+b) W = 88.774 1b 
d 
yd + (b+ ae td +cd 


| Xo = 16 ft 


b b 
xa+o( 22) +7 Pr oro'(a “*) + 72 a +c(atb+0) 


Je W 
Yeo = 7.043 ft 
Equilibrium 
Ay = 0 Ay = Olb Ay = Olb 
Ay-W-P=0 Ay=W+P Ay = 148.8 lb 
Ma —- Wxc — P2d = 0 Ma = Wxc + P2d Ma = 502 lbft 


Problem 9-52 


Locate the center of gravity G(x, y,) of the streetlight. 


Neglect the thickness of each segment. The mass per , 4 E 


unit length of each segment is given. Afoyye- 
Ih) ‘ 
Given: a d 
I 1c 
a=1m PAB = 12 = Teer] 
b=3m PBC = 8— | 
' in B 
kg 
c=4m PCD =5— 
m 
kg 
d=1im PDE = 2— 
m A 
' oe) \ 
e=1m f=1.5m 
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Solution: 


ad 
M= pase + pach+ peoa+e+) + poet 


i aay zee Feel bee d+ il 
Cc mirc? > e PCD > PDE D 
1 b a ad b 2d ( b d) 
=— ajc+b+—|]+—|c+b+a+—|+4+e(c+b+a4 30 
Ye Vilase 5 3 - 


b c 
+ ppF f(c+b+a+d)+ppcb Crs RABE Ss 
Xc 0.200 
= m 
Vc 4.365 


Problem 9-53 - 


Determine the location y, of the centroid of the - 
beam's cross-sectional area. Neglect the size of , a a 
the corner welds at A and B for the calculation. exe r. 
Given: A 
dz; = 50 mm 
dp = 35 mm A 
; +e 
c 
h = 110 mm -| |i 
t = 15 mm = “a 
) A 
i ae wz 
\ J A 
Solution: t ——SEO 
2 2 
dj)" dj h d2 d2 
m|—| —+htdi+—]+a|—] |dj+h+— 
2 2 2 2 2 
ee Yc = 85.9mm 
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Problem 9-54 


The gravity wall is made of concrete. Determine the location (x,, y,) of the center of gravity G for 


the wall. 
y 

Given: 

a =0.6m 

b=2.4m 

c = 0.6m 

d=04m 

e=3m 

f=1.2m 
Solution: 


A =(a+b+od+(b+oe > (b+c-f) 


1 b+ b 2 
we abe dd — | Ae ek |S een 
A 2 a te 3 


+-(b+c- ns{ et 


Problem 9-55 


Locate the centroid (x,, y,Jof the shaded area. 
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Given: 
a=1in 
b =3 in ce vw 
c=1in 
d=1in 1 . 
e=1in . : 
t 
Solution: Le } = 
2 
7a 1 
A = (a+b)(a+e) —- — sre d)(a+e-c) 


Problem 9-56 


Locate the centroid (x, y,) of the shaded area. 
Given: 
a=1in - > 
< h\ 
b =6in fu 2 N 
| P "\ , 
c=3in ; | 
| 
d =3in 
Solution: 
2 
d a 1 
A She = So 
4 2 2 
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2 

1] b «d°(4d\ 1 
ey aeeoete (ection esr Fp rece Xe = 2.732 in 

Al 2 A Nae) 2 3 

2 2 
1d 2 aaa 4d ma ( 4a Peeae d 1.4233 
= Sh a Pa Oe = 1.423 in 

em, Ale “Ao 4 \32 Dap Oo KS os 


Problem 9-57 


Determine the location y, of the centroidal axis x.x, of the beam's cross-sectional area. Neglect the 
size of the corner welds at A and B for the calculation. 


Given: \ r | 
h = a LT 
r= 50mm | I 
t = 15mm 
a = 150 mm . sah 
b = 15mm ay Ae 
c = 150 mm - 
| 
2 
Solution: = 
b 2 
PS ee he ea 
Yo = —~- t=. Yc = 154.443 mm 
bc+at+ar 


Problem 9-58 


Determine the location (x, y,) of the centroid C of the area. 


Given: 
a=6in 
b = 6in 
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c=3in 
d=6in Le E , | 
il 
L SE ———- x 
Solution: ; j 
b 1 c 1 2 | 
ab| —~| + -aclb+—|+—(b+c)d—(b+ c) 
2 2 3 2 3 : 
xc = ———. Xc = 4.625 in 


1 1 
ab+—ca+-—(b+c)d 
2 2 


a 1 a 1 d 
ab| —| + -ac| —| —- —(b+c)d — 
2 2 3 2 3 : 
Yo = ach, Fai a Yc = 1in 
ab+-—ca+—(b+c)d 
2 2 


Problem 9-59 


Determine the location y, of the centroid C for a beam having the cross-sectional area shown. The 
beam is symmetric with respect to the y axis. 


Given: 
a=2in 
b=1in 
c= 2in Fd | —s ; 
d=1in ‘ ia ae 
e = 3 in é 4 | —— a —* Za } 

4 L Y 1! 

f=1in a So rts og > Fe 

Solution: 
A =A(atb+c+d(e+ f)—bf—del A = 40in" 
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2 2 
Ye = A arererg tlh o£ ad ps2) Yc = 2.00 in 


Problem 9-60 


The wooden table is made from a square board having weight W. Each of the legs has wieght Wi.g 


and length L. Determine how high its center of gravity is from the floor. Also, what is the angle, 
measured from the horizontal, through which its top surface can be tilted on two of its legs before it 
begins to overturn? Neglect the thickness of each leg. 


Given: 
W = 15 |b ; 
“ 
Wie = 2 lb P % 
: ZH phd 
Ea eut <A yo 
> 
a=4ft N 
Solution: 


Zo = ————-4+ Zc = 2.478 ft 
W + 4Wieg 
2 
0 = atan| — 0 = 38.9 deg 
Zc 


Problem 9-61 


Locate the centroid y, for the beam’s cross-sectional area. 
Given: 
a = 120 mm 
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b = 240 mm A 


c = 120 mm <a 


Solution: i 
A = (a+))5c — 3bc ee ee 
1| (a+b)? b b 
= —| —W—5c - 2bc| — | — bc] — = 229mm 
Ye A 5 2) (2) Ye 


Problem 9-62 


Determine the location x, of the centroid C of the shaded area which is part of a circle having a 
radius r. 


Solution: 


A= ar’ = r sin(a) cos(a) 


3a 


1 [a Sale) Pets Zrcos(a) 
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sin(a@) 1- eosta) 


— 3 a- sin(a) cos( a) 
sie ar sin( a) 
are sin(2a) 
a- 
2 


Problem 9-63 


Locate the centroid y, for the strut’s y 
cross-sectional area. y 
Given: : 

a = 40 mm 

b = 120 mm 

c = 60 mm 
Solution: 

Sy 
be 
A = — -2ac 
_ 1] ab" (4b sad £ senenoe 
oF Al 2 \3z 2 as 


Problem 9-64 


The “New Jersey” concrete barrier is 
commonly used during highway 
construction. Determine the location y, 


of its centroid. 


Given: h 
a=4in = 
( See 
b = 12 in 
c=6in ay 


940 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics 


Solution: 


e= bcot( 4) f = d-2e h= 


A = d(c+b+h) — be-2he sf a)h 


2 
ee a ACE bee | 2 and bs *) sf an b4 2) 


Problem 9-65 


The composite plate is made from both steel (A) 
and brass (B) segments. Determine the mass and 
location (X,, Yo Z,) of its mass center G. 


Units Used: 
Mg = 1000 kg 
Given: ~~) 
M —s 
pe 0785 = a 150 mm 
ue b = 30 mm 
Mg ie 
Pbr = 8.74 =a) ee 225 mm eal 
m 
d = 150 mm 
Solution: 


1 1 
M= pa(ave sabe] + por ANC 


sR ee cate 8 | eereeear tf pres 
Xe SS cb— + —abc = —abc — 
a ml’s 5 5 3 Pbrs 3 
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een 1 pce 
= — cb— + —-abc— -abc— 
Je M Pst 79 5 Pbr 5 2 | 


1 Fae es ie as l bel | 
Zo == cb— + ~abc— —abc— 
Cc ml Pst 7° 9 3 Pbr 5 3 | 


a6 152.8 
Jop— |) 15-02) mm M = 16.347 kg 
Ze PLS 


Chapter 9 


Problem 9-66 


Locate the centroid y, of the concrete beam having the tapered cross section shown. 


Given: 
a = 100 mm r See a 
b = 360 mm I T ] 
c = 80 mm : ad 
~~ Cc See 
d = 300 mm 


Solution: 


Cc 1 b b 
(d+20¢5| ae ap 2) aifc 2) 


Jor = ee Yc = 135mm 
(d+ 2e)c+4 5" a)b+ab 


Problem 9-67 


The anatomical center of gravity G of a person can be determined by using a scale and a rigid board 
having a uniform weight W, and length /. With the person’s weight W known, the person lies down on 


the board and the scale reading P is recorded. From this show how to calculate the location x,of the 
center of mass. Discuss the best place I, for the smooth support at B in order to improve the accuracy 


of this experiment. 
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Given: 
a = 120 mm 
b = 240 mm 


c = 120 mm 


Solution: 


l 
=M pz = 0; Wac-Ply+ Wi(4.- 3) =0 


l l 
Put B as close as possible to the center of gravity of the board, i.e., 17 = > then W7 ( 17 *) = Oand 


the effect of the board's weight will not be a large factor in the measurement. 


Problem 9-68 


The tank and compressor have a mass 
M, and mass center at G; and the 


motor has a mass M,, and a mass 
center at Gy. Determine the angle of 


tilt,@, of the tank so that the unit will 
be on the verge of tipping over. 


Given: 
a = 300 mm 
b = 200 mm 


c = 350 mm 


d = 275 mm 
Mr = 15 kg 
Mwy = 70 kg 
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Solution: 


bMr+(a+b)My 
Xx, = 
x Mr+My 


cMr+(c+dMy 


ce Mr+My 


Xc = 0.4471 m 
Yc = 0.57647 m 
6 = 37.8 deg 


Chapter 9 


Problem 9-69 


Determine the distance h to which a hole of diameter d must be bored into the base of the cone so 


that the center of mass of the resulting shape is located at z,. The material has a density p. 


Given: 


d = 100 mm 


Zc = 115 mm 


b = 500 mm 
Solution: 
Guess h = 200 mm 
1 
Given Zo = 
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Problem 9-70 


Determine the distance to the centroid of the shape which consists of a cone with a hole of height h 
bored into its base. 


Given: 
d = 100 mm 
h = 50 mm 
mg 
= 8 — 
pP 3 
m 
a = 150 mm ! 
h 
b = 500 mm . 
Solution: 


Zo = ——~4+ SS Zc = 128.4mm 


Problem 9-71 


The sheet metal part has the dimensions shown. Determine the location (x, Yo Z,) of 
its centroid. 


Given: 


a=3in 
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b = 4 in 
c=6in 
Solution: 


Xo = OS Xo = -1.143 in 


ab| —| + —ac| — 
2 2 3 ' 
(oo 1 Yc = 1.714 in 
ab+—ac 
2 3 ; 
ab+—ac 


Problem 9-72 : 


The sheet metal part has a weight per unit area of 
and is supported by the smooth rod and at C. If the 
cord is cut, the part will rotate about the y axis until 
it reaches equilibrium. Determine the equilibrium 
angle of tilt, measured downward from the negative 
x axis, that AD makes with the -x axis. 


Given: 
a=3in 
b =4in 
c=6in 
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Solution: 


xX. = Xe = 1.143 in 
ab+—ac 
1 (ol 
2 3 : 
rr ae Zc = 0.857 in 
ab+—ac 
Xc 
0 = atan| — 0 = 53.13 deg 
Zc 


Problem 9-73 


A toy skyrocket consists of a solid conical top of density p,, a hollow cylinder of density p,, anda 
stick having a circular cross section of density e,. Determine the length of the stick, x, so that the 
center of gravity G of the skyrocket is located along line aa. 


Given: 
— k a 

a =3 mm pp boos | ‘ 

3 - dl -- - 
b = 10 mm se : Pe 

oto a 
c=5mm Pc = 400 — } 

3 a G 

m - , J 

d = 100 mm 
- 300 8 

e = 20mm Ps = 3 

m 
Solution: 
Guess x = 200 mm 

2 2 
b\"e e m(.2 2\(d a x 
Given A\=|-—(dt+—| + pe—\b = ¢ jd) —| + psgz — [xp d= — | = 0 
i, 3) -( 3 pes I$) S (e}, ) 

x = Find(x) x = 490 mm 
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Problem 9-74 
Determine the location (x, y,) of the center of mass of the turbine and compressor assembly. The 
mass and the center of mass of each of the various components are indicated below. 


Given: 


a=0.75m My 


b=125m Mp 


c=05m M3 


d=0.75m My 


e = 0.85 m 
f = 1.30 m 
g = 0.95 m 
x 
1. Intake housing M, 
2. Turbine M, 
3, Exhaust housing M, 
Solution: 4, Compressor My 
M = M,+M2+M3+My, 
1 
Xo = yyLM2a + M3(a +b) + Mg(a+b+0)] Xc¢ = 1.594 m 
1 
Yo = ap (Mid + Mze + M3 f + Mag) Yc = 0.940 m 


Problem 9-75 


The solid is formed by boring a conical hole into the hemisphere. Determine the distance z, to the 
center of gravity. 
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Solution: 
a a 
V= ae — ee = ae 
3 3 - a | 
1|5a/2 3 3 (2 3 
c=a}]—| 27a |-—a|—a 
Vi 8\3 4 \3 
Zc —t a | \ 
~ > yi 
a on a |. . 
) ( ) 
\ Mec ae i] Se If j 
\ s <a Jf 
= _ \ -: \ 
PA Aa 
a Fy 


Problem 9-76 


Determine the location x, of the centroid of the solid made from a hemisphere, cylinder, and cone. 


Given: i 
a = 80 mm 
b = 60 mm ~ | 
c = 30 mm 1 | 
> ; x 
d = 30 mm 
Solution: - 


1 2 
V= qrda + eb + sat 


1} 1 3 Bp 2 So 
Xe = —|=2d7a| — +ad-bla+—|+—nd|a+b+— 
VL3 4 24. 3 8 


Xc = 105.2 mm 
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Problem 9-77 


Chapter 9 


The buoy is made from two homogeneous cones each having radius r. Find the distance z, to the 


buoy's center of gravity G. 


Given: 
r= 1.5 ft 
h = 1.2 ft 
a=4ft z 
a ‘ ee 
- 
Solution: i ne 
az2{a a2 (h 
—ra—-|-—rh— 
3 4 3 4 
Zo = Zc = 0.7 ft 


Problem 9-78 


The buoy is made from two homogeneous cones each having radius r. If it is required that the 
buoy's center of gravity G be located at z,,determine the height h of the top cone. 


Given: 
Zc = 0.5 ft 
r= 1.5 ft 
+ 
a=4ft ze 
e—__j | 
a ¢ ae 
Z. ae 
Solution: 
Guess h=1ft 
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Given Z¢ = —— 2+ h = Find(h) h=2ft 


Problem 9-79 


Locate the center of mass z, of the forked lever, which is made from a homogeneous material and has 
the dimensions shown. 


Given: 
a = 0.5 in 
b= 25 in a rT 7 
c =2in ” . 
d = 3in | 
\ \ / / 
e = 0.5 in Se oe) ee 
| ad ee 
ie. S 
\ . TT 
X K 4G 
fo, 
ae | \« 
+ — | | 
| | 
SS 
= = Pree al ae 
Solution: — Np —~9 


1 b d + 
eee + 2eadj)b+e+c+—]+ eter beets al £ z es 
V 2 2 2 30 

—ma\ 92 Cc 
+(=}e b+c+e-4 — 
2 37 

Zc = 4.32 in 
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Problem 9-80 


A triangular plate made of homogeneous material has a constant thickness which is very small. If it 
is folded over as shown, determine the location y, of the plate's center of gravity G. 


Given: z 
a=6in 
b =3 in 
c=1in 
d=3in 
e=1in 
a 
f=3in 
Sf 
K 
Xx 
Solution: 


b) 1 2b\ 1 f 
Yo = —. i int ee Yo= 0.75 in 
2db + =(2cb) + (2 (a+ f 


Problem 9-81 


A triangular plate made of homogeneous material has a constant thickness which is very small. If it 
is folded over as shown, determine the location z, of the plate's center of gravity G. 


Given 
a=6in 
b = 3 in 
c=1in 
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d=3 in z 
e=1in 
f=3in 

Solution: 


1 a 1 a 

—(2e fa) + 2ea}| —| + —2(d-e)a| — 

2 i (5) 2 »($) ‘ 
Zo = —— ———-oO2ARAO Zc = 1.625in 


1 1 
2db + =(2cb) + =2d(a+ f 


Problem 9-82 


Each of the three homogeneous plates welded to the rod has a density pand a thickness a. Determine 
the length | of plate C and the angle of placement, 8 so that the center of mass of the assembly lies on 
the y axis. Plates A and B lie in the x-y and z-y planes, respectively. 


Units Used: 
Mg = 1000 kg 


Given: 


a = 10 mm f = 100 mm 


b=200mm g=150mm ,~ 


c = 250 mm e = 150 mm 
Mg a ar 
= 6 _—__ 
a 3 
m 
Solution: The thickness and density are uniform 
Guesses @ = 10 deg 1 = 10mm 
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Given 
f)_ {9 7 Jef & 9) sin(@) = 
b (2) a2) cos( 8) =0 of $| + af 2) sin( 6) =0 
| 
() = Find(!, 6) 1 = 265mm 0 = 70.4deg 


Problem 9-83 


The assembly consists of a wooden dowel rod of length L and a tight-fitting steel collar. Determine 
the distance x, to its center of gravity if the specific weights of the materials are y,, and y,,.The radii 


of the dowel and collar are shown. 


Given: 
L = 20 in 
150 a 
Yw = —— 
ft 
lb 
Yst = 490 "3 yx 
ft \ 
r 
a=5in 
b=5in 
r7 = 1in 
ro = 2in 
Solution: 
2,1 2 2 b 
Vw] ie, + Y¥5¢\ro° — 17 JD ao 
xe = oo Xc = 8.225 in 


Hy MttoL + Volpe - al 


Problem 9-84 


Determine the surface area and the volume of the ring formed by rotating the square about the vertical 
axis. 
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Given: 


0 = 45 deg 


Solution: 


A= fa A < sin(@ 


+ anf # 5 sin( 6) | 


(p- a sian) 


A = 8zba 


2 
V =2zba (r+ simu) 


Problem 9-85 


The anchor ring is made of steel having specific weight 7,,. Determine the surface area of the ring. 
The cross section is circular as shown. 


Given: 
490 2 
Yst = a 
ft? 
a=4in 
b = 8in 
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Solution: 


Ae 24{ $ ‘ = *\2,{ 2) ea aieania 


Problem 9-86 


Using integration, determine both the area and the distance y,to the centroid of the shaded area. 
Then using the second theorem of PappusGuldinus, determine the volume of the solid generated 
by revolving the shaded area about the x axis. 


Given: 
a=1ft 
b =2 ft 
c=2 ft 
D'. 
A 
“f) 
y, 
: x 
Solution: 
Cc 
2 
we o+(2)s dy A aBeaitt 
Cc 
0 
Cc 
1 2 
Yo=— o+(2) b| dy Yo = 1.2 ft 
A (ol 
0 
3 
V =2myA V = 25.1ft 
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Problem 9-87 


The grain bin of the type shown is manufactured by Grain Systems, Inc. Determine the required 
square footage of the sheet metal needed to form it, and also the maximum storage capacity (volume) 


within it. 
Given: r a 
a = 30ft i 
b = 20 ft : . ; 
c = 45 ft a = 
ze => 
— ——- 
= _— 
=> 
= — 
= -_—— 
= a 
= a= 
= ———— 
= _——= 
= EEE 
= EE 
=> — 
= _——7 
ve = — 
Solution: =. 


a | 
A= pues Pe 


——_—— 
i 
AAO AO te 
a a(l 
V = 2znac\ —| + 22-| —ab 
2 3\2 ‘ 
V = 146x 10° f° 
=! > = 


Problem 9-88 


Determine the surface area and the volume of the conical solid. 
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Solution: 


hier 
22 
A=vy\32a 
1 3 \(¥3 
va 22) Yq) ¥3 09 
ary ae ae | 
vas 


Chapter 9 


/ 


ral 
/ 
/= 
bas 


Problem 9-89 


Sand is piled between two walls as shown. Assume the pile to be a quarter section of a cone and 
that ratio p of this volume is voids (air space). Use the second theorem of Pappus-Guldinus to 


determine the volume of sand. 


Given: 
r=3m 
h=2 
7 fi ia 
p = 0.26 
—>_-—*s 
Solution: 
az\(r\(hr 
V — 1 —_— — — S— 
AlSy(3}( 2 
V = 3.487m> 
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Problem 9-90 


Chapter 9 


The rim of a flywheel has the cross section A-A shown. Determine the volume of material needed 


for its construction. 


Given: 
r = 300 mm 
a = 20 mm 
b = 40 mm 
c = 20mm 
d = 60 mm 
Solution: 
Cc b 
V= da{r b+ Sac + da{r 2 ba 


sy Se ise nae 


Problem 9-91 


r+hiz 


Section A-A 


r+hb+e2 


The Gates Manufacturing Co. produces pulley wheels such as the one shown. Determine the weight of 


the wheel if it is made from steel having a specific weight +. 


Given: 

a=1in 

c = 0.5 in 

d=1in 

e=1lin 

f = 0.25 in 

b = 2(c+d+e) 

pe dog 
ft? 
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Solution: 


W = yaaa + ‘) + (« +d+ Vs - Ne W = 3.01 1b 
2 a). 2 


Problem 9-92 


The Gates Manufacturing Co. produces pulley wheels such as the one shown. Determine the total 
surface area of the wheel in order to estimate the amount of paint needed to protect its surface from 


rust. 
Given: 
a=1in 
c= 0.5 in 
d=1in 
e=1in 
f = 0.25 in 
b = 2(c+d+e) 
Solution: 


A=2 fle+d) +ac+3(d+ o(e+ ae 


Sains 


Problem 9-93 


Determine the volume of material 
needed to make the casting. 


Given: 
ry = 4in 
r2 = 6 in Side View Front View 


960 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 9 


m3. = 12-1] 


Solution: 


(= TAD Aone 


Problem 9-94 


A circular sea wall is made of concrete. Determine the total weight of the wall if the concrete has 
a specific weight +,. 


Given: 
Yas 150 
fe? 
a = 60 ft 
b = 15 ft 
c= 8 ft 
d = 30 ft 
0 = 50 deg 
Solution: 


W = hae Shawl aden b-<|a 
=V%c a =¢) ber =a) 5k —c)|+}at 25 c 


We sie 1001p 


Problem 9-95 


Determine the surface area of the tank, which consists of a cylinder and hemispherical cap. 
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Given: -—_ 
a=4m 
* 
b = 8 m u 
Solution: 
2a sa 
A = 2a|ab+ —— 
nw 2 
A = 302 m- 


Chapter 9 


Problem 9-96 


Determine the volume of the tank, which consists of a cylinder and hemispherical cap. 


Given: 
a=4m 
b=8m 
Solution: 
4a} za a 
V= — |— | +—(ba) 
m\ 4 2 
= 25 36enie 4 
. a 
L. | 
. 


hy 
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Problem 9-97 


Determine the surface area of the silo which consists of a cylinder and hemispherical cap. Neglect the 
thickness of the plates. 


Given: 
a = 10 ft 
b = 10 ft 
c = 80 ft 
Solution: 


RITE Be 


Problem 9-98 


Determine the volume of the silo which 
consists of a cylinder and hemispherical 
cap. Neglect the thickness of the plates. 


Given: 
a = 10 ft 
b = 10 ft 
c = 80 ft 
Solution: 


Vi= oo 
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Problem 9-99 


The process tank is used to store liquids during manufacturing. Estimate both the volume of the 
tank and its surface area. The tank has a flat top and the plates from which the tank is made 
have negligible thickness. 


Given: 
a=4m 
b=6m 
c=3m 
Solution: 
c(ca 
V = 2a |) + <(eb) 
3\.2 2 
V= 207m" 


Problem 9-100 


Determine the height h to which liquid should be poured into the cup so that it contacts half the 
surface area on the inside of the cup. Neglect the cup's thickness for the calculation. 


Given: 

a = 30 mm 

b = 50 mm 

c = 10mm 
Solution: 
Total area 

Atotal = dacs + ; 7 b? + (a- a7] 

Guess h =1mm e=1mm 
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Given 


b h 
Atotal : 6 ec Pee 0? 
2 2 


e 
() = Find(e, h) e = 21.942 mm h = 29.9mm 


Problem 9-101 


Using integration, compute both the area and the centroidal distance x, of the shaded region. Then, 


using the second theorem of Pappus—Guldinus, compute the volume of the solid generated by 
revolving the shaded area about the aa axis. 


Given: 
a = 8in 
b = Bin 
Solution: 
ad 
2 
x 
Az (2) as 
a 
0 
a 
2 
1 X yer ; 
Xe = 2a- — x0() dx A = 21.333in Xc = 10in 
A a 
0 
Bec) 
V = 2nAXxe V =1.34~x 10 in 
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Problem 9-102 


Using integration, determine the area and the centroidal 
distance y, of the shaded area. Then, using the second 


theorem of Pappus—Guldinus, determine the volume of a 
solid formed by revolving the area about the x axis. 


Given: 
a = 0.5 ft 
b=2 ft 
c=1ft 
Solution: 
b 
Pe 2 
A= — dx A = 1.386 ft 
x 
a 
b 
2 
1} ae d 0.541 ft 
= = | xX — M 
Ye a ails Ye 
a 
3 
V = 2nAyc V = 4.71 ft 


Chapter 9 


Problem 9-103 


Determine the surface area of the roof 
of the structure if it is formed by 


rotating the parabola about the y axis. 


Given: 
a=16m 
b= 16m 
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Solution: 


Centroid : The length of the differential element is 4 
2 
d 
w-Varra?-| 1+(2) lo 


and its centroidis xo =x 


Here, oy = pee 
dx ae 


Evaluating the integrals, we have 


ad 
Ape xe 
be 14S x L = 23.663 m 
a 
0 
ad 
1 4b? x° 
Xe= Tz x/]1 dx Xc = 9.178 m 
L 4 
a 
0 
A = 2axcL A= 1365 «10° m 


Problem 9-104 


The suspension bunker is made from plates which are curved to the natural shape which a completely 
flexible membrane would take if subjected to a full load of coal.This curve may be approximated by a 


parabola, y/b = (x/a)?. Determine the weight of coal which the bunker would contain when completely 
filled. Coal has a specific weight of y, and assume there is a fraction loss p in volume due to air voids. 
Solve the problem by integration to determine the cross-sectional area of ABC; then use the second 
theorem of Pappus—Guldinus to find the volume. 


Units Used: 
kip = 10° Ib 


Given: 


a = 10 ft 


b = 20 ft 
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Solution: 


1 1 7 
[2 
Xc = ri He ra dy Xc = 3.75 ft 


V = 2nAx, V = 3.142x 10° f° 


W =(1- p)wv W = 125.7 kip 


Problem 9-105 


Determine the interior surface area of the 
brake piston. It consists of a full circular 


part. Its cross section is shown in the figure. R 
Given: J 
a = 40 mm e 
b = 30 mm d 
c = 20 mm 
d = 20 mm 
e = 80 mm 
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f = 60 mm 
g = 40 mm 
Solution: 
a b 2 2 c 
A =2m-a+|a+—|!¥b +e +clat+b+—|+(a+b+c)f+|at+b+—lec 
2 2 2 
+ (a+ b+ 2c)g 
2 


Ret ein 


Problem 9-106 


Determine the magnitude of the resultant hydrostatic force acting on the dam and its location H, 
measured from the top surface of the water. The width of the dam is w; the mass density is p,,. 


Units Used: 
Mg = 10° kg 
6 
MN = 10 N 
Given: 
w= 8m 
Mg 
Pw=l = 
m 
h=6m 
2660 
g=4. 
S 
Solution: 
N 
p = howg p = 58860 — 
m 
F t 
= F = 1.41MN 
2 
H= (2) H=4m 
3 
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Problem 9-107 


Chapter 9 


The tank is filled with water to a depth d. Determine the resultant force the water exerts on side A 
and side B of the tank. If oil instead of water is placed in the tank, to what depth d should it reach so 
that it creates the same resultant forces? The densities are P, and /,,. 


Given: kN =10°N 
d=4m 
a=3m 
b=2m 
k 
Po = 900 — 
3 
m 
k 
Pw = 1000 = 
m 
Gt 
g=4. 5 
s 
Solution: 
For water 
: N 
AtsideA:  Wa=bpygd Wa =78480— 
m 
1 
FRA = ot Ad FRA = 157kN 
. N 
AtsideB: Wp = apygd Wp = 117720 — 
m 
1 
Frp = 5 ae FRB = 235kN 
For oil 
At side A: 1 
FRA = regal dj 
2FRA 
dj = d; = 4.216 m 
bpog 
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Problem 9-108 


The factor of safety for tipping of the concrete dam is defined as the ratio of the stabilizing moment 
about O due to the dam’s weight divided by the overturning moment about O due to the water pressure. 
Determine this factor if the concrete has specific weight 7,,,, and water has specific weight 7,,. 


Given: ra eed 


o 
I 

os 
ul 
mp 


Ib 
Yw _ 62.4 —= 


ft 
Ib 


Yconc = 150 "3 
ft 


Solution: 


For a 1-ft thick section: 


= lb 
Ww) W = 936— := 
ft h 
F = se F = 70201b a \ Ww. 
j \ 
W1 = Yeonc(1ft)ab W, = 67501b | \ 
! —™ \ 
1 oo \ 
Wo = Yeone 5(C — a)b(1ft) W> = 67501b 7 \ 
Ce \ 
Moment to overturn: | 
"i 0 
1 
Mo = Fb Mog = 35100]b ft 
Moment to stabilize: 
a 2. 
Ms = wi ( —a)+ <| + w 2¢ = 0) Ms = 77625 \b- ft 
Ms 
Fy, = — ie | 
S Mo S 
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Problem 9-109 


The concrete "gravity" dam is held in place by its own weight. If the density of concrete is p, and 


water has a density p,,, determine the smallest dimension d that will prevent the dam from 
overturning about its end A. 


Units Used: 
Mg = 10° kg 
Given 
Mg 
Pc = 2.5 = 
m 
Mg 
Pw = 1.0 3 
m 
h=6m 
= 960 = 
g=4. 9 
S 
Solution: 


Consider a dam of width a = 1 m. 


N 1 
w= Pwgha w = 58860 — F= ove F = 176580N 
m 
1 
W= Bpegeue 
aha 2d h 
Equilibrium W— -F-=0 
3 3 
2d Fh 
= dha— = — 
3 Pc9I 3 3 
F 
d= d = 2.683 m 
Pcga 


Problem 9-110 


The concrete dam is designed so that its face AB has a gradual slope into the water as shown. 
Because of this, the frictional force at the base BD of the dam is increased due to the hydrostatic 
force of the water acting on the dam. Calculate the hydrostatic force acting on the face AB of the 
dam. The dam has width w, the water density is y,,. 
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Units Used: 
kip = 10° Ib 
Given: 
w = 60 ft é i i ‘ . 
Yw = 62.4 — 
ft 
~——— 4 
a = 18 ft 
b = 12 ft 
Solution: 
1 
Pe Swywby a +b? Fap = 486kip 


Problem 9-111 


The symmetric concrete “gravity” dam is held in place by its own weight. If the density of concrete is 
f, and water has a density p,,, determine the smallest distance d at its base that will prevent the dam 
from overturning about its end A.The dam has a width w. 


Units Used: 


Mg = 10°kg MN =10°N 


Given: / 
g f 
a=15m Pc = 2.5 <= / 
m ly 
b=9m 
1.0 Me 
w= 8m Pa 3 
m 
Solution: 
Guesses 


d=3m Fh = 1MN 


Fy =1MN W=1MN 
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Engineering Mechanics - Statics 
Given 
— a ) 
Fy = ——bwpwg - : . 
i F \ 
1 / i / \ 
Fh = —pwgbwb | vy \ 
2 e i ae 
fn / \ 
a j= f \ - 
W = pcgwab+ b bm 7 / \ 
Fi rr / \ 
Fe 53 
d —a b roeay Bt \ 
W—+Fy|d- —Fp- =0 pals 7 \ 
2 3 SS iS = 
Fy 
Fy 0.379 
h 
= Find(Fy, Fh, W. 4d) Fp | =| 3.178 |MN d = 3.65 m 
- W 4.545 
d 


Problem 9-112 


The tank is used to store a liquid having a specific weight » If it is filled to the top, determine 
the magnitude of force the liquid exerts on each of its two sides ABDC and BDFE. 


Units used: 
kip = 10° Ib 
Given: 
y = 80 »: 
ft? 
a = 6 ft 
b = 6 ft 
c = 12 ft 
d = 8 ft 
e=4ft 
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Solution: 


Fluid Pressure: The fluid pressure at points B 
and E can be determined using 


lb 
PB = ve PB = 320— 
ft 


Ib 
ye + d) PE = uae 


PE = 
ft 
Thus 
kip 
WB = PBC WB = aa 
kip 
WE = PEC WE = pee 


Resultant Forces: The resultant Force acts on surface ABCD is 


1 
Fri = 5 BV e + b? Fr, = 13.8kip 


and on surface BDFE is 


1 
FR = 5 (vB + wp)d FR = 61.4kip 


Problem 9-113 


The rectangular gate of width w is pinned 
at its center A and is prevented from 
rotating by the block at B. Determine the 
reactions at these supports due to 
hydrostatic pressure. 


Units Used: 


a 
ll 
a 
w 
5 
ga 


> 
I 
(op) 
= 
5 
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m 
w=2m g=981— 


S 
Solution: 
kN 
Wi = Pwg(b - 2a)w wi = 59— 
m 
kN 
W2 = Pwg2aw w2 = 59 — 
m 
1 
Fj = as! F 1 = 88kN 
F2 = w22a F2 = 177kN 
a 1 
=M, = 0; 5 ae ia 5 erase Fp = 29.4kN 
2F,=0; Fy+Fo-Fp-Fa=0 Fa = Fi +Fo-Fp Fa = 235kN 


Problem 9-114 


The gate AB has width w. Determine the horizontal and vertical components of force acting on 
the pin at B and the vertical reaction at the smooth support A. The density of water is 9,,. 


Units Used: 
Mg = 10° kg 
kN = 10° N 
MN = 10° N 
Given: 
w=8m 
M 
Pw = 1.0 —= 
3 
m 
aqa=5m 
b=4m oo a 
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c=3m 
=oai = 
g=y7. 
S 
Solution: 


Fluid Pressure: The fluid pressure at points A and B can be determined using Eq. 9-15, 


kN kN 
DA = Pwg(a+t b) PA= BG eee WA = PAW wa = 706.32 — 
a m 
kN kN 
PB = Pwga PB= Bo mas WB = PBW WB = 392.4 — 
es m 
Equilibrium 
b + c " = ) + Pe ‘A 
w —(wa - w — Ayc = 
B 5 5 "A B 3 Ly 
bre 1 ) 1? +<) 
Ww —(wa-w 
B 5 5 A B 3 
Ay = -..-— Ay = 2.507 MN 
1 
Ay — WBC slwa wp)c By = 0 
1 
By = Ay-wepc slwa wp)c By = 858.92 kN 


1 
By = wBb+ slwa — wp)b By = 2.197 MN 


Problem 9-115 


The storage tank contains oil having a specific weight y. If the tank has width w, calculate the 
resultant force acting on the inclined side BC of the tank, caused by the oil, and specify its location 
along BC, measured from B. Also compute the total resultant force acting on the bottom of the tank. 
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Units Used: 


kip = 10° Ib 


Given: 


Solution: 
Ib 
WB = wyb WB = ee wo = wy(b +c) WC = 2200S 
1 1 
Fhy = wBc Fh2 = qe wp)c Fy, = ywbe Fy2 = ace 


The resultant force 
Fre =Fai+Fn2 Fry =Fyi+Fy2 Fr=\Frx +Fry Fr =17.225kip 


The location h measured from point B Guess h=1ft Given 
Pepe Aig a 
v1 5 v2 3 hl 5 h2 3 Rx =o Ry 
c +e c +e 
On the bottom of the tank h = Find(h) h = 5.221 ft 
Foot = yw f(b+c+d) Fhot = 18.816 kip 


Problem 9-116 


The arched surface AB is shaped in the form of a quarter circle. If it has a length L, determine the 
horizontal and vertical components of the resultant force caused by the water acting on the surface. 


The density of water is /,,. 
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Units Used: 
Mg = 10° kg 
3 Fy 
kN = 10° N 
Given: 
L=8m Fy 
F, W 
Mg 
Pw = 1.0 3 
m 
a=3m 
b=2m 
='9'81— 
g=4. 9 
S 
Solution: 
F3 = pwgabL F3 = 470.88 kN 
F2 = pwgabL F > = 470.88 kN 
b 
Fj = pwg 5 bk Fy, = 156.96kN 
2 foe 
W= |b - a, Lpwg W = 67.368 kN 
Fy = F, + Fo Fy = 628kN 


Problem 9-117 


The rectangular bin is filled with coal, which creates a pressure distribution along wall A that 
varies as shown, i.e. p = po(z/b)?. Determine the resultant force created by the coal and specify 
its location measured from the top surface of the coal. 


Units used: 


kip = 10° Ib 
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Given: 
a =4ft 
b = 10 ft 
lb 
Po = 4000 i 
ft 
Solution: 


Resultant Force and its location: 


b 
. 3 
F= ro( | adz F = 40kip 
0 
b 
1 Z 3 
2c 7P0\ > a dz Zc = 8ft 
(0) 


Problem 9-118 


The semicircular drainage pipe is filled with water. Determine the resultant horizontal and 
vertical force components that the water exerts on the side AB of the pipe per foot of pipe 
length; water has density y. 


Given: Fp, 
62.4 ws 
Y = 04.4 — 
ft 
r=2ft 
Solution: Ww 
lb 
w=yr w= en 
ft 


Resultant forces (per unit foot): 


F : F 124.8 zu 
= —wr = 8 — 
Rh 5 Rh ft 
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Ib 
Fry = y— Fry = 196.0— 


Problem 9-119 


The load over the plate varies linearly along the sides of the plate such that p = k y (a-x). Determine the 
magnitude of the resultant force and the coordinates (x, y,) of the point where the line of action of the 


force intersects the plate. 


Given: p 
a=2ft 
b = 6 ft 


ft y 
A 
Solution: 
p(x, y) = ky(a—x) 
a cb 
FR =| | p(x, y) dy dx FR = 3601b 
0 “0 
1 a cb 
Xe= | | x p(x, y) dy dx Xc = 0.667 ft 
FRJq Jo 
1 a cb 
| | y p(x, y) dy dx Ye = Aft 
FRJq Jo 


Problem 9-120 


The drum is filled to its top (y = a) with oil having a density vy. Determine the resultant force of the oil 
pressure acting on the flat end of plate A of the drum and specify its location measured from the top of 
the drum. 
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Given: 
a = 1.5 ft 
55 lb 
a = 
ft 
Solution: 
ad 
FR = | y2 are y(a — y) dy FR = 5831b 
-da 
dd 
1 2 2 
eg] yy2y)a — y (a-—y) dy d = 1.875 ft 
R-_q 


Problem 9-121 


The gasoline tank is constructed with elliptical ends on each side of the tank. Determine the resultant 
force and its location on these ends if the tank is half full. 


Given: 
a= 3 ft 
b = 4 ft 
y=A4l ms 
ft? 
Solution: 
0 
FR= ~ra(2y a’ - 7) dy FR = 9841b 
-a 
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1 b 
Yo==— yer? a = | dy Yo = -1.767ft xe =Oft 
a 


Problem 9-122 


The loading acting on a square plate is represented by a parabolic pressure distribution. Determine the 
magnitude of the resultant force and the coordinates (x,, y,) of the point where the line of action of 


the force intersects the plate. Also, what are the reactions at the rollers B and C and the 
ball-and-socket joint A? Neglect the weight of the plate. 


Units Used: 
kPa = 10° Pa 
kN = 10° N 
Given: 
a=4m 
—B 
po = 4kPa ae = 
Solution: = 
Due to symmetry ; 
XC = 0 
a p Fr 
FR = po |e dy FR = 42.667 kN yy 
a ; Dee 
0 <[— ay 
p= ee be. 
ad ~~ ¥ 
1 y A, 
Yo ==} Ypo /—ady Yo = 2.4m 
FR a 
0 


Equilibrium Guesses Ay =1 kN By = 1 kN G=1 kN 
(By + Cy)a- Fryc = 0 


Boog e4 
a aes ca ae 
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Ay Ay 17.067 

By | = Find(Ay, By, Cy) By |=| 12.8 |kN 

Cy Gy 12.8 
Problem 9-123 


The tank is filled with a liquid which has density ». Determine the resultant force that it exerts 
on the elliptical end plate, and the location of the center of pressure, measured from the x axis. 


Units Used: 
kN = 10° N 
Given: 
a=1im 
b=05m 
kg 
p = 900 — 
m 
= GI 
g = 9.815 
S 
Solution: 
b 
2 
P|) pda t= (2) (b— y) dy FR = 6.934kN 
a5 
b 
a 
1 y 
Vea yeg2a |1—|=—} (b-y) dy yc = -0.125 m 
FR b 
—b 


Problem 9-124 


A circular V-belt has an inner radius r and a cross-sectional area as shown. Determine the volume 
of material required to make the belt. 
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Given: 


r = 600 mm 


a = 25mm 
b = 50 mm 
J 
c = 75mm om Ar . ee 
Solution: 


c 1 c -3 3 
V=2 Ease Oe Eas Jee V=22.4x10 ~m 


Problem 9-125 


A circular V-belt has an inner radius r and a cross-sectional area as shown. Determine the surface 
area of the belt. 


Given: 


r = 600 mm 


a = 25 mm 

b = 50 mm 
I i 
U — i _ i ~_ a > 

c = 75mm 

Solution: 
Axe 2afrb+2(r+ $) a +c 4 (r+o(b4 20) Ae o4G ne 
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Problem 9-126 
Locate the center of mass of 
the homogeneous rod. 
Given: 

a = 200 mm 


b = 600 mm 


c = 100 mm 


d = 200 mm 
A 
0 = 45 deg . 
Solution: 


L=a+b4+c+d 
1 b 
-_ #(osin(a ‘ cbsin(0) 


1 ere re) 
es (a8 23 oF cos(6) + cbcos( 


1f a c 
Ze = ~|a—+da-c— 
L\ 2 2 


Chapter 9 


S 7 az — — 
> . _f 
Ay 
} > 
——_ 
mA, 
Xc = 154.3 mm 
Yc = 172.5mm 


Zc = 50.0 mm 


Problem 9-127 


Locate the centroid of the solid 


7] 
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Solution: 
2a 
Z 
zn - :) dz 
2 
0 2a a-a “AZ 2 
= —a 
Ye Da 3 Ye 3 


Problem 9-128 


Locate the centroid (x, y,) of the thin plate. 


Given: 
a=6in 
y 
Solution: 
2 rag 7a 2 
A = 4a -— - — A = 97.7 in 
2 4 
1 aan —2 wee 4a ; 
Xe = —|—| —a] - —]a-— Xc = —0.262 in 
A| 2 3 4 37 
1 ye 2a hae 4a , 0.262 in 
—— ee ee ee eer a i = So I 
Ye Al 2 3 ns 37 Ye 
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Problem 9-129 


Determine the weight and location (x,, y,) of the center of gravity G of the concrete retaining wall. 
The wall has a length L, and concrete has a specific gravity of . 


Units Used: 
i Sa |= 
kip = 10° Ib > te a 
Given: 
a = 12 ft f= 1 ft 
b = 9 ft g=2ft a 
c = 1.5 ft L = 10 ft 
lb a ee 
d=5.5 ft C= _——_ 
ft — x 
ea iS tt a 
Solution: 
1 ; 
Bb Gr ape ae) W = VAL W = 42.8kip 


1 b 1 = 

Xe = “le? ao f 5ule als + f4 - ‘) Xc = 3.52 ft 
1 1 

JO= “les | afe <) Bele afc | 2)| Ye = 4.09 ft 


Problem 9-130 


The hopper is filled to its top with coal. Determine the volume of coal if the voids (air space) 
are a fraction p of the volume of the hopper. 


Given: 
a=1.5m 
b=4m 
c=1.2m 
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d=0.2m 
p = 0.35 } 
ial ? 
( - 7 > d)- | 
} 
Solution: 


d 1 a 
V=(1- prdcs Pas ald 


Vos 


Problem 9-131 


Locate the centroid (x, y,) of the shaded area. 


Given: 
a = 16 ft 
b=4 ft 


c = (Ya-y) 


Solution: s h -| 


b 
| (fancies ax A= 29.3 ft? 
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b 
mao) aad as Xc = Left 


0 
: 2 
2 
Yo = i l(va-va] dx Vo= 4.15 ft 
A 2 
0 


Problem 9-132 


The rectangular bin is filled with coal, which creates a pressure distribution along wall A that 
varies as shown, i.e., p = po(z/b)*. Compute the resultant force created by the coal, and its 
location, measured from the top surface of the coal. 


Given: 
F lb 
Po = 97 
ft z= 
a=3ft 
b = 8 ft 
Solution: 
b 
i 
- 3 
F= ro( 2] a dz F = 144lb 
0 
b 
i 
3 
: | ad Ze = 4.57 ft 
Zo =a Z a a = 4. 
C FE Po b C 
0 
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Problem 9-133 


2 
The load over the plate varies linearly along the sides of the plate such that p = aoe — y) kPa 
Determine the resultant force and its position (x,, y,) on the plate. 


P 


S kPa 


Solution: 
3 74 
2 
Fe= ot) F = 24 kN 
0 “0 
3 74 
: z (4 - y) dy dx 2 
xc =z X—xX = ~= m 
0 “0 
3 74 
1 2 
yer a: — y) dy dx ee be ERY iin 
0 “0 


Problem 9-134 


The pressure loading on the plate is described by the function p = { -240/(x + 1) + 340 } Pa. 
Determine the magnitude of the resultant force and coordinates of the point where the line of action 


of the force intersects the plate. 


Solution: 41) Pa 


-- 


Due to symmetry 


yo=3m 100 Pa 
5 = 
~24 
F= [ + 240)6 dx 
x+1 
0 
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7 GONE 
5 
1 —240 
Xo =—] xX + 340] 6 dx 
F Xx+1 
0 
Xo = 2.74m 
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Problem 10-1 


Determine the moment of inertia for the shaded area about the x axis. 


Given: y 
aqa=2m 
b=4m h 
. 4 
Solution: I, = 39.0m 


Problem 10-2 


Determine the moment of inertia for the shaded area about the y axis. 


Given: y 
X 
a=2m y=hCl (x/a)*) 
b=4m 
h 7 I 
“ht 
oho 
ad 
2 x 2 4 
Solution: Ty =2 x b1i- (=) dx Ty = 8.53 m 
a 
0 
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Problem 10-3 


Determine the moment of inertia for the thin strip Prt 
of area about the x axis.The strip is oriented at an 
angle @ from the x axis. Assume that t << I. 


Solution: ) 


| 
I= y dA = | < sin*()t ds 


A Q ~ | van 


jie se sin-(0) 


as os 
x Y= woe 


f/f 
|S a a es 


Problem 10-4 ' 


Determine the moment for inertia of the 
shaded area about the x axis. 


Given: jy 
a=4in y \ 
p { u ) fy 
b =2in , 
Solution: 
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Problem 10-5 


Determine the moment for inertia of the 
shaded area about the y axis. 


Given: 
a=4in 5 =(a) h 
b =2in 
+ af i. 
Solution: r “ 7 
ad 
2,{%X 
ly = x b| —| dx , 
vy. (=) ere: 
0 ba Al 
_-{t 
4 = 1 t , 
ifs alge n sis 


Problem 10-6 


Determine the moment of inertia for the shaded area about the x axis. 


— ll lel 
h “| 
Solution: 
b 
3 
x 
3 3 
i ——— dx=— bh I, = —bh 
i 3 marie 
0 
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Alternatively 
h 
2 Z 3 2 48 
k= | y|b-bX lay=—bnh ae bi 
he 15 
0 


Problem 10-7 


Determine the moment of inertia for the \ 


shaded area about the x axis. 
\ j 
hi ' 
\= b “" ae” 
“ . ’ y, { i 
y 
- A Pal ay 
- PA JA ly 
= 1 
— t ! 
= | + t . 
- a - 
- = 
Solution: 
b 
A, 
n 3 
2 y ab 
Iy= |Ay}la-a|=— d ———— 
. m (2) a ORE Amn 
0 


Problem 10-8 


Determine the moment of inertia for 
the shaded area about the y axis. 
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Solution: 


0 y= p x A 
él y, 
a ff 
a nt+3 y 
b n+2 b + 
ly =— xX dx =|} — 5 * , 
a'*0 ay A es est ‘ 
0 r \ *\\ 
ty 
| u | 
ee bar 
¥ n+ 3 
Problem 10-9 
Determine the moment of inertia for 
the shaded area about the x axis. 
Given: 
) i 
\ 7 | 7] ~ ? 
a=4in = 
b =2in | Y 
| 
Solution: \ . 
b 
: 2 I" ti - 
Ix = yla-a = dy 
b 1 
0 
I =F 
Iy = 4.27in' m 


Problem 10-10 


Determine the moment of inertia for the shaded area about the y axis. 
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Given: ; 
a=4in 
b =2 in 
Solution: tse — j 
\ hy — 
a ¥ < | 
2 x ; j 
Iy = x b |— dx , fi 
y=] of | 
0 / 
i 
4 \ 
ly = 36.6in + d - 


“ 
7 al 
f 
i 
j 
/ 


Alan 


= —+ Jy 


Problem 10-11 


Determine the moment of inertia for the shaded area about the x axis 


Given: 
a = 8in 
b =2 in 
\ 
Solution: 
b 
2 4 
l= | y|a-a2|dy Ty = 10.67 in 
3 
b 
0 


Problem 10-12 


Determine the moment of inertia for the shaded area about the x axis 
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Given: Ns 
’ 
a=2m + ie —{-F > 
h = 
b =lim s 
J. 
b | A 
‘ — 
Solution: be a a 
b 
2 - 4 
ip!) 3fal t=2=|-y Iy = 0.53 m 
2 
b 
—b 


Problem 10-13 
Determine the moment of inertia for the shaded area about the y axis 
Given: ¥ 


a=2m AX 


2 —(v/b) = 1 — ve 


b= 1 im b ; 
~ 
+ i y X 
b | wf 
‘ — 
| 
ha a *| 
Solution: 
a 
2 x 4 
ly = x 2b ae Ty = 2.44 m 
0 


Problem 10-14 


Determine the moment of inertia for the shaded area about the x axis. 


Given: 


a=4in b = 4in 
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ta tl - 


Solution: 
b 
; 2 
= yla- o() dy 
b 
0 
ie = eialitee 


Problem 10-15 } 


Determine the moment of inertia for the 
shaded area about the y axis. (2 — 


Given: 
a=4in 


b = 4 in 


Solution: 
a 
2, |x 5 od 
Iy = — + f= + 
4 . of 2 (a, ¥) 7 hi = a 
0 a 


ly = 73.1in® =r 
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Problem 10-16 


Determine the moment of inertia of the 
shaded area about the x axis. " ah 


Given: A \ 


aq=2in / 


b =4in / \ 


Solution: | 


+ / 


4 ve=hors( x ) 
fy 236.2 in da’ | \ 


Problem 10-17 


Determine the moment of inertia for the shaded area f 
about the y axis. y iy 


Given: F 


a 


b 


Solution: 


ly = 


Problem 10-18 


Determine the moment of inertia for the shaded area about the x axis. 
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Given: 
a=4in 
b =2 in 
Solution: 
dd 
7X : 
C coo )) 
a 
Iy= | Sax Ty = 9.05in* 
-a 


Problem 10-19 


Determine the moment of inertia for the shaded area about the y axis. 


Given: } 
a=4in 
yeh wos (FE) ——— I 
b =2in a > | 
j 


Solution: 


Problem 10-20 


Determine the moment for inertia of the shaded area about the x axis. 
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Given: , 
a =2in } 
b =4in 
c=V12 in 
Solution: 
a+b 
3 
(oe if dx 
ld 3\x 
a 
- i -- iy - 
Iy = 64.0in‘ ) 


Li x 


Chapter 10 


tr a 
a+lt 
Problem 10-21 4 
Determine the moment of inertia of 
the shaded area about the y axis. 
Given: 
aq=2in 
b = 4in 
c=V12 in 
Solution: 
a+b 
2 c 
i x |—|dx 
J x = / = f - 
a 
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Iy = 192.00 in? 


Problem 10-22 


Determine the moment of inertia for the shaded area about the x axis. 


Given: y 
a= 2 m - t S 
“« (7 —_ 
b=2m ‘by a th 
iy" | 
| t_. 
a uv al 1 
Solution: 
b 
2 ‘ 4 
=| yaX|dy  =320m 
2 
b 
0 


Problem 10-23 


Determine the moment of inertia for the shaded area about the y axis. Use Simpson's rule to 
evaluate the integral. 


Given: \ 


jaa? 
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Solution: 


2 
G 
a” ax ly = 0.628 m* 


Problem 10-24 


Determine the moment of inertia for the shaded area about the x axis. Use Simpson's rule to 
evaluate the integral. 


Given: Y 
a=1im 
b=1m 
Solution: 
ad 
5 3 
=) 
a 
be A 
ly = 5 dx ly = 1.41 m 
0 


Problem 10-25 


The polar moment of inertia for the area is I, about the z axis passing through the centroid C. 
The moment of inertia about the x axis is J, and the moment of inertia about the y’ axis is [,,. 
Determine the area A. 


Given: 
16 =28i0 
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Ceara . 
ly = 56 in’ 
a=3in 
Solution: | 
Ic =Ix+y | _ot—4, 
ly =ly+ Aa | 
igestt ed Fe a 
ee > Neate 
a 


Problem 10-26 


The polar moment of inertia for the area is J,. about the z' axis passing through the centroid C. If 
the moment of inertia about the y' axis is I, and the moment of inertia about the x axis is I,. 
Determine the area A. 


Given: \ 
Jee = 548 x 10° mm* 


Iy = 383 x 10° mm“ 


I, = 856x 10° mm* 


h = 250 mm 
Solution: 

Pek Are 

Jec = Ix" + Iy' 


Joc = Iy- Ah? + ly 
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I,+Iy - J 
RE xX - cc 
h 


(UW ee ae 


Problem 10-27 


Determine the radius of gyration k, of the column’s 
cross-sectional area. 


Given: 
a = 100 mm 
b = 75 mm 
c = 90 mm 
d= 65 mm 
Solution: 


Cross-sectional area: 


A = (2b)(2a) — (2d)(2c) 
Moment of inertia about the x axis: 


1 3 1 3 
Iy = —(2b) (2a)” — —(2d) (2c 
x io ) (2a) Th ) (2c) 
Radius of gyration about the x axis: 


Ix 
ke = [> ky = 74.7 mm 


Problem 10-28 


Determine the radius of gyration k, of the column’s cross-sectional area. 


Given: 
a = 100 mm 


b = 75 mm 
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c = 90 mm 
d = 65 mm 
Solution: 


Cross-sectional area: 


A = (2b)(2a) — (2d)(2c) 
Moment of inertia about the y axis: 


_i ee 3 
Ty = (2a) (2b) ~ (20) (2d) 


Radius of gyration about the y axis: 


Chapter 10 


ky = {— ky = 59.4mm 


Problem 10-29 


Determine the moment of 
inertia for the beam's 
cross-sectional area with 
respect to the x’ centroidal axis. 
Neglect the size of all the rivet 
heads, R, for the calculation. 
Handbook values for the area, 
moment of inertia, and location 
of the centroid C of one of the 
angles are listed in the figure. 


Solution: 


| 
275 ct 


15 mm 


, 


4A 


1 3 6) 4 3) __2(275 mm 2 
If = Pras mm) (275 mm) +4 1.32(10 ae + 1.36(10 ire oe — 28 mm) it 


2 
1 3 275 mm 
+ Jos mm) (20 mm)” + (75 mm)(20 mm) em + 10mm) 
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Ip = 162x 10°mm* 


Problem 10-30 


Locate the centroid y, of the cross-sectional area for the angle. Then find the moment 
of inertia I,, about the x’ centroidal axis. 


Given: } \ 
aq=2in 
b = 6in 
c=6in 
d=2in 
Solution: 
c d 
ac| —|+bd| — 
2.00 in 
= = 2.001 
oe ac+bd a 
2 2 
1 3 Cc 1, 3 d 4 
Iy' = —ac +ac|— + —bd +bd -— Ty = 64.00 in 
x D (< re 12 [x *| x 


Problem 10-31 


Locate the centroid x, of the cross-sectional area for the angle. Then find the moment 
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of inertia I y about the centroidal y’ axis. 


} \ 
Given: 
aq=2in 
b = 6in 
c=6in 
d=2in 
Solution: 
a b 
ao 3) +bdo+3) 
xe = — Xc = 3.00 in 
= ac+bd z 
1 3 a : 1 3 b ‘ 4 
dy Se Cd CG) Net a dD) Xe Iy' = 136.00 in 
12 2 12 2, 


Problem 10-32 


Determine the distance x, to the centroid of the beam's cross-sectional area: then find 
the moment of inertia about the y' axis. 
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Given: 

a = 40 mm 
b = 120 mm 
c = 40 mm 
d = 40 mm 
Solution: 


2(a+ nd? Z *) + 2ad= 
2 2 


2(a + b)c + 2da 


Xc = 68.00 mm 


1 3 a+b 2 1 3 a 2 
Ty = 2.— +b)” + +b = + —2da™ + 2d == 
y io )~ + c(a + b) 5 «| iD a a [x | 


ly: = 36.9 x 10°mm* 


Problem 10-33 


Determine the moment of inertia of the beam's cross-sectional area about the x' axis. 
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Given: 
a = 40 mm 
b = 120 mm 
c = 40 mm 
d = 40 mm 
Solution: 
1 3 1 3 6 4 
Iy' = a ee re!) =e I, = 49.5 x 10° mm 


Chapter 10 


Problem 10-34 


Determine the moments of inertia for the shaded area about the x and y axes. 


y 


Given: 
a=3in 
b =3 in 
c = 6in 
d=4in 
r=2in 

Solution: 


= s(a+b)(c+a)>- 
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ee nkspaie 
2 4 
1 3 1 3 #1 2b ar 22 
Ty = —(c+d)(a+b) -—|—cb +—bc}a+—}] |-|—+ara 
y = Z(e+ dD (a+b -)— ; [ ; 


Iy = 364.84in® 


Problem 10-35 


Determine the location of the centroid y' of the beam constructed from the two channels and the 
cover plate. If each channel has a cross-sectional area A, and a moment of inertia about a horizontal 


axis passing through its own centroid C,, of I,,,. determine the moment of inertia of the beam’s 
cross-sectional area about the x’ axis. 


Given: 
a = 18 in h 
= 
b = 1.5 in 
c = 20in 
d = 10 in 
Ae = 118 in’ 
4 = 
Ix = 349 in 
Solution: 
b 
2Acd+ablc+ ct 
= —__~__ = 15.74in 
ve 2Ac + ab ta 
2 Ii 33 b : 4 
Iyt = lve + Ac(Ye- 4) 2 Ser ia aves . - yc] Iy' = 2158 in 


Problem 10-36 


Compute the moments of inertia I, and I, for the beam's cross-sectional area about 
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the x and y axes. 


Given: 
a = 30 mm 
b = 170 mm 
c = 30 mm 
d = 140 mm 
e = 30 mm 
f = 30 mm 
g = 70 mm 
Solution: 
1 3 1 3 1 3 e 6 4 
Ix = ga(c+d+e) + gbe +759¢ rge(erd~$] Ty = 154 10 mm 
hy sc(a+ by tad P+ oc(f+ 9)" Iy = 91.3 x 10° mm 


Problem 10-37 


Determine the distance y, to the centroid C of the 


beam's cross-sectional area and then compute the 
moment of inertia J,,,.about the x' axis. 


Given: 


a = 30 mm e = 30mm 


b=170mm $f = 30 mm 


c = 30 mm g = 70 mm 


d = 140 mm 
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Solution: 


Cc d e 
; co+od$) afe ‘) (f ae+rd+$) 


ee (a+byc+df+(f+ge 


Yc = 80.7 mm 


1 3 Cc Z 1 3 d e 
ke =— b b -= —fd d -—- 1s 
x ras Ve Clas [ye =| + ee tif [c+ re 


2 
eae i 3, i | _& 
ta(f+ ge fe ge(erd 5 ¥¢ 


Ig = 67.6 x 10°mm* 


Problem 10-38 


Determine the distance x, to the centroid C of the beam's cross-sectional area and then compute the 
moment of inertia I,, about the y’ axis. 


Given: 
a = 30 mm 
b = 170 mm 
é 
6=.30 mim 
d = 140 mm 
e = 30 mm ; 
f = 30 mm : 
g = 70 mm 
Solution: 
{3 +o] rera4e] +(f+ ge! 
bet be+(fege 
Xc = 61.6mm 
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1 3 a+b Fe hy 8 ae 
I SP er) ra +6)(22?-x<] Paget rdf{re-Z] gh 


1 3 fea) 
ta GL aa) f+ 0(% fs) 


ly = 41.2 x 10°mm 


Problem 10-39 


Determine the location y, of the centroid C of the beam’s cross-sectional area. Then compute 
the moment of inertia of the area about the x’ axis 


Given: 
a = 20 mm 
b = 125 mm 
c = 20mm \ 
f = 120 mm 
g = 20 mm 
-—C 
d = — 
2 
f-c 
e= 
2 
Solution: 
a+g b 
a+ +cbhat+gt+— 
a af <2) [ g "| 
we (a+g)f+cb 
Yc = 48.25mm 
2 2 
1 3 a+g 1 3 b 
Iy = —f(a+ a+ +—cb +cb|—+a+4 
x rant g) +( AC 0(y. 2) iD (? g-Yc 
Ip = 15.1 x 10°mm'* 
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Problem 10-40 


Determine y,, which locates the centroidal axis x' for the cross-sectional area of the T-beam, and then 
find the moments of inertia I, and [,,. 


Given: 
a = 25 mm 
b = 250 mm 


c = 50 mm 


a 
lI 


150 mm 


Solutuion: 


(2 eae + [s + <}oac 
2 2 


* b2a + c2d 


Yc = 207mm 
2 2 

1 3 b 1 3 c 
Ixy) = —2ab + 2ab ——}] +—2dc +c2d|b+—- 
A a9 [x >| 12 [ 2 re 
Ty: = 222 x 10°mm* 

1 3.1 3 
Ty = —b(2a)” + —c(2d 
‘oar (2a) 7 (2d) 


Jy = 115 10°mm* 


Problem 10-41 
Determine the centroid y' for the beam’s cross-sectional area; then find I,. 


Given: 


a = 25 mm 
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b = 100 mm 
c= 25mm 
d = 50 mm 
e = 75mm 
Solution: 


2(a+e+t ad é) + 2ai{c + 2) 
2 2 


= 3) OO = 37.50 mm 
ae 2(a+e+d)c+2ab ie 


2 
2 3 (ol 
Iy = —(at+e+d)c +2(a+e+d)c --]o.. 
xX ai ) ( ree =| 
2 
1 3 b 
+ 2)—ab +ab}c+—- 
7 a c ; re] 


Ix = 16.3 x 10°mm* 


Problem 10-42 


Determine the moment of inertia for the beam's cross-sectional area about the y axis. 


Given: 
a = 25mm 
b = 100 mm 
c = 25mm 
d = 50 mm 
e = 75mm 
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Solution: 


2 
1 1 a 
ly = 20) (a eee) wD Hoa? +ab(e+5) 


a 
ly = 94.8 x 10°mm* 


Problem 10-43 


Determine the moment for inertia I, of the shaded area about the x axis. 


Given: , 
i } ee 
a=6in 7 \ 
b =6in { \ 
c=3in | \ 
d=6in Sy 
= df 
~ 
“~S 
— i 
Solution: 
3 
ba 1 
ly = = aon +—(b+0a Iy = 648in‘ 


Problem 10-44 


Determine the moment for inertia I,, of the shaded area about the y axis. 


Given: y 
i } pig 
a=6in i 
b =6in 1 
c=3in 
4 t y 
d=6in 
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Solution: 


3 2 2 

b 1 1 1 1 2(b 

ly = ae ae + gae{b+ 5) + —d(b+o0° +5a(6+9|°2*9| 
3 36 2 3 36 2 3 


ly = 1971 in® 


Problem 10-45 


Locate the centroid y, of the channel's cross-sectional area, and then determine the moment of 
inertia with respect to the x’ axis passing through the centroid. 


Given: 
aq=2in 
b = 12 in 
c=2in 
d=4in 
ee 
Solution: 
Cc c+d 
—bc+2 (c+d)a 
ee 2 
oa bc+2(c+d)a 
Yc = 2in 


1. 3 Cc 2 2 3 c+d 2 
I, = —bc +be{xe-$) Po) +2ae+a [4 -y,| 


T= aoeint 


Problem 10-46 


Determine the moments for inertia I, and I, of the shaded area. 


Given: 
ry = 2in 
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ro = 6in " 
i \ 
Solution: / , \, 
/ = \ 
| as A 
{ Ni" } } 
4 4 “ ——— ; —_- 
mr? aYr1 4 
k= = I, = 503in 
x 8 8 Xx 
4 4 
mr? aY1 4 
y= = Ty = 503in 
y 8 3 y 


Problem 10-47 


Determine the moment of inertia for the parallelogram about the x' axis, which passes through 
the centroid C of the area. 


Solution: 
h = (a)sin(8) 


of My 8s 2 BA By ach Ae 
Ine = bh = 5 bLta)sin(9)] ane bsin( 6) 


<a bsin( 9) 


Ixc 


Problem 10-48 


Determine the moment of inertia for the parallelogram about the y axis, which passes through 
the centroid C of the area. 
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Solution: 
) ental > Dee (a)cos( 6) 
[= 5 


é 


A = b(a) sin( 0) 
= Kou b(a) sin( 6) 2 — =(a) cos()(a) sin( 
- =(a) cos(6)(a) sin in a 


3 


(a)cos(@) = ] 
Cc 


2 
5 sin(6) b° + cosin(oo[ 2 zs «| 
3 


1 
a! =(a) sin(@) [(a)cos(6)]° + =(a) sin(@)(a) cos( 4) ce 


L= 


y 


: =(a) sin(6)[(a)cos()]° + =(a) sin( 6)(a) cos(8) > + 


Simplifying we find. 
I= ab(,2 + a cos(6)°) sin( 6) 


y 42 


Problem 10-49 
Determine the moments of inertia for the triangular area about the x’ and y' axes, which pass 


through the centroid C of the area. 
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It 
Solution: 
a 
Eee 
I. = —bh 
2) 86 
2 1 b- 1 
—a—ha+|a+t z —h(b- a) 
3 2 3/2 b+a 
RO pe, ie ye 


Pees hea 
sha+— —a 
5: 2 


2 2 
1 1 b 2 1 1 = 
ly = goha? + Sha{ Oo 2 du aay noe ate 
36 a 8 36 2 3 3 


ly = <= nolo? -ab+a’) 


Problem 10-50 
Determine the moment of inertia for the 
beam’s cross-sectional area about the x’ 
axis passing through the centroid C of 
the cross section. 
Given: 

a = 100 mm 

b = 25 mm 


c = 200 mm 


0 = 45 deg 
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Solution: 


Iy = = |2afalesin(o) Es | - 
é 42 (c c0s(6)) (c sin(@) rai : + sin2)}] 


4 


I = 520x 10°mm* 


t tl % \ 

~ = 7 i iz ran 
= > (4) = \ \e} | — 
— ’ 7 ' Pa 
= : /#% i ly 

a a a »” 

~ rae, 
ci 


Problem 10-51 


Determine the moment of inertia of 


the composite area about the x axis. 
Given: (ie seat “| 
a =2in | De = (5) 
b =4in i —|—_4 
c=lin rl 
d=4in Le { “| 
Solution: 
d 
1 3 ie 22 1 X z : 
I, = —(a+ b)(2a)” — | —+2c a | + —|2aq1-}— dx 
3 4 3 d 
0 
ese ane 
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Problem 10-52 


Determine the moment of inertia of 
the composite area about the y axis. 


Given: oa 
\ V gu ( i \7 } ) 
a= 2 in a : ' 
= i = 
b=4in f \ 4 
u , = 
c=1in ; 
d=4in e 1 
Solution: 
d 
1 3 ne’ 2,2 2 x 
be Se) (aby =| bec a) xe 2a). bide 
3 4 d 
0 
ly = 271.1in® 
Problem 10-53 
x 
Determine the radius of gyration k, for the column's Sf 


cross-sectional area. 


Given: 


200 mm 


a 
ll 


So 
lI 


100 mm 


Solution: 


1 3 Pieee 29 a b 2 
I, = —(2a+ b)b +2) —ba +ba{ 3 +3) 
12 12 2 2 


I 
| —— ky = 109mm 
b(2a + b) + 2ab 
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Problem 10-54 


Determine the product of inertia for the shaded portion of the parabola with respect 
to the x and y axes. 


Given: y T 
- as 
a=2in 
‘ 
b=1in | ) 
| | 
\ /) . b{-} 
t Ps 
a b i 
Ixy = xy dy dx Ixy = 0.00 m 


Also because the area is symmetric about the y axis, the product of inertia must be zero. 


Problem 10-55 


Determine the product of inertia for the shaded 
area with respect to the x and y axes. 


Solution: ¢ 1 
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Problem 10-56 


Determine the product of inertia of the shaded area of the ellipse with respect to the x 


and y axes. 
Given: y 
a=4in 
_ . i] y \* 
ba Din he tal +p) =! 
<— 
i. 
~ 
i 
fh » 


_| 
Pp - a ~ 

Solution: 

dd 

D 
x 
b 1-(2) 2 

—— AF nee Ve ee eouane 
xy 5 ; xy = 8. 

0 


Problem 10-57 


Determine the product of inertia of the parabolic area with respect to the x and y axes. 
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Solution: 


a 


x 
.f 
xy a 


2 
3 be ay 
2 a 


alr 


Problem 10-58 


Determine the product of inertia for the shaded area with respect to the x and y axes. 


Given: ‘ 
a = 8in Fy st » ;, 
(+) =a — 9) 
b =2in t —_—h 8 PY ak = 
h _. ba F | 
i i , (x. wW2)| 
| : Sar | . 
- d - : tf ——ol 
Solution: 
ad 
= 
3 1 
xX 2s 
a x _4 
ly = x 5 (2) dx Ixy = 48.00 in 
0 


Problem 10-59 


Determine the product of inertia for the shaded parabolic area with respect to the x and y axes. 


Given: ‘ 
a=4in 
{ i _- 
b = 2in a ao 
Solution: ‘ 
dd ¢ Ll 
I eae , 
= x-— _— —_ 7 L = 
a 2 a a 
0 
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Igy = 10.67 in® I" 


Problem 10-60 


Determine the product of inertia for the shaded area with respect to the x and y axes. 


y= 6? (|- 
| on pe Ponti <a) 
= / y= - 
“= Say - nme 
' as ‘ | ee 
" » h iy. wW2) A 
\ ‘ \ 
\ x 
t | \ - ——— 


Given: 
a=2m 
b=1im 
Solution: 
ad 
b x x 4 
oe x} — /1—— |b J/1—— dx Iyy = 0.333 m 
v 2 ‘| a a 
0 


Problem 10-61 


Determine the product of inertia for the shaded area with respect to the x and y axes. 
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Solution: 


Lf y B25 Sige: 
Ixy = 15 (2) dy=—bDih errr 


Problem 10-62 . 


Determine the product of inertia of the shaded area with 
respect to the x and y axes. 


v= h(a) ) 
Given: Le 
a =4in _— 
~ \ 
b =2in 7 7 
Solution: r 
/ f 
6] fi 
3 3 ie ay A 
b\(x x v=B(T I) A 
Bi Sloe el bp ade ay 
os G) () ) ix yi 2 | ut) 
, | 
as > a Le re ae 
ae bi -§ ; 
Ixy = 4.00 r 3 
xy 00 in tf . | 
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Problem 10-63 


Determine the product of inertia for the shaded area with respect to the x and y axes. 


Solution: 


x" | x Gabe 

— |b— dx Ix 
n 

a 


——————— provided n # —1 
n 4(n + 1) 


Ixy = x 


Problem 10-64 


Determine the product of inertia for the 
shaded area with respect to the x and y axes. 


Given: 
a=4ft 
Solution: 
a ri 
(Va - Vx)" 2 at 
Ixy = x (Va -v) dx 


0 


Igy = 0.91 ft" 
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Problem 10-65 


Determine the product of inertia for the shaded area with respect to the x and y axes. Use Simpson's 
rule to evaluate the integral. 


Given: 


(une 
fj 


¥ = he 


b = 0.8m 


Solution: 


Problem 10-66 


Determine the product of inertia for the parabolic 
area with respect to the x and y axes. 


Given: : 
a=1in 
b = 2in 

Solution: n 


Due to symmetry about y axis 


p= 


dx Ixy = 0.00 m* 
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Problem 10-67 


Determine the product of inertia for the 
cross-sectional area with respect to the x and y axes 
that have their origin located at the centroid C. 


Given: 
a = 20 mm 
b = 80 mm { 


c = 100 mm 
Solution: a 


c{b a 
tgp a eh 7 


Ixy = 4800000.00 mm" 


Problem 10-68 


Determine the product of inertia for the beam's cross-sectional area with respect to the x and y axes. 


Given: y 


a 
Il 
Ww 
_. 
=) 


Solution: 
c\(b a\(c c\(d 4 
Iyy =|—|}—|eb+]—]}-— -2 d —-—]/— lk = OTS 


Problem 10-69 


Determine the location (x, y,) of the centroid C of the angle’s cross-sectional area, and then 
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compute the product of inertia with respect to the x' and y’ axes. 


Chapter 10 


Given: ) My 
a = 18mm 
-— x 
b = 150 mm is 
4 
Solution: 
+b 
“\ab+a(b-a)| = 
2 2 
Xo = —- 
? ab +a(b—a) 
Xc = 44.1mm Cc ; 
ie . 
b a ! a ! 
—|ab+|—|a(b-a ; a 
Ce ab bath =a) 
Yc = 44.1mm 
I b a\{b Gad) a ba 
y= ab--|xe-—||— +a a) - —|/-—+-—-x 
x'y CT ON5 Je Ye a)lo 75 Cc 


Ix'y! = ~6.26 x 10° mm" 
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Problem 10-70 


Determine the product of inertia of the beam’s 
cross-sectional area with respect to the x and y axes a 


that have their origin located at the centroid C. yy 
i 
Given: 
a=5mm 
b = 30 mm 


Solution: ye 


a(b- af" 7 "| Fs eo($) aT 
2 2 P p 5 


a(b—a)+ac 


xc = 


Xc = 7.50mm 


meee 


= a(b-—a)+ca 
Yc = 17.50 mm 
I (p76) a a+b a Cc 
= (b-a)a| — - Xc| tac| — —Xe]} = 
xy 5 Ye 5 C 5 cil 5 Ye 


Ixy = -28.1 x 10° mm* 
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Problem 10-71 


Determine the product of inertia for the shaded area 
with respect to the x and y axes. 


Given: { 
a =2in le ! 
/ : | 
b=1in a=. __=4 
\ } ‘ 
\, } y, 
c =2in — 
if 
d = 4 in | 
Solution: 


d 
ly = 2a(c + a ) - nb-ad 


lay = 119in® 


Problem 10-72 


Determine the product of inertia for the beam's cross-sectional area with respect to the x and y 
axes that have their origin located at the centroid C. 


Given: 


a=l1in b=5in c=5in 


Solution: 
I 2b o 2 + 2 
Ger 
ay ” o 2 
hb 
Ixy = -110 in® , 
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Problem 10-73 
Determine the product of inertia for the h 


cross-sec-tional area with respect to the x ‘a se ' Ale" al 
and y axes. = 


Given: 


a 


ll 
£& 
= 
=) 

= 


b=1in — : , ' 
c =6in 
ii 
Solution: 


| Spal gaa en pase 2 | pats 
”y 2 2 2)\2 xy 


Problem 10-74 


Determine the product of inertia for the beam's cross-sectional area with respect to the u and 
v axes. 
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b = 200 mm os 
t = 20 mm " 
@ = 20 deg 
7 4 
h 
Solution: . : 


Moments of inertia I, and I: 


1 3 1 3 6. 4 
Iy = 55220 (26) - p29 — t) (2b — 2t) Ty = 511.36 x 10° mm 


iio Oey ee I, = 90240000.00 mm‘ 
ae a) corr —tt y= .0O mm 


The section is symmetric about both x and y axes; Ixy = Omm* 
therefore I, = 0. 


od 
Lip= [ x ; us }.in(2o + Ixycos(26) Iyy = 135 x 10°mm* 


Problem 10-75 


Determine the moments of inertia I,, and J, and the product of inertia I,,, for the rectangular area. The 
u and v axes pass through the centroid C. 


Given: 
a = 40 mm 
b = 160 mm 
0 = 30 deg 
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Solution: 


I, = —ab ly = —ba Ixy = 0 mm 


Iy = 


I, +I I, -I 
eee [ 5 *osl20 = Ixy sin(26) 


Ty = 10.5 x 10°mm* 


Iy+I I, -I 
ae x 3 J [ x : *os(20 = Ixy sin(26) 


2 


ly = 4.05 x 10°mm* 


I, -I 
Iw = [ . ; *} n(2o + Ixy cos(26) 


Iyy = 5.54x 10° mm’ 


Problem 10-76 


Determine the distance y, to the centroid of the area and then calculate the moments of inertia 
I, and I, for the channel's cross-sectional area. The u and v axes have their origin at the 
centroid C. For the calculation, assume all corners to be square. 

Given: 


a = 150 mm 


b = 10 mm 
c = 50 mm 
0 = 20 deg 
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Solution: 


abe aoe pee 
2 2 


= 2ab + 2cb 


Chapter 10 


Yc = 12.50 mm 


2 2 
Kebabs 2a 2) 9) he? Ebel hae’ 
= —2a a -— —bc c — 
dee ve 5 12 a ee 


2 
1 1 b 
ly = —b(2a)? + —cb* +cbla-= 
12 12 2 


Ty = 908.3 x 10° mm? 


ly = 43.53 x 10°mm* 


Iyy = 0 mm“ 
(By symmetry) 2 
I +1 I, -I 
p= [ = ) -( 5 *os(29 - Ixy sin(26) Ty, = 5.89 x 10° mm4 


Ty = 38.5 10°mm* 


Ix, +I I, -I 
a x 3 -( x asad + Ixy sin(26) 


2 2 


Problem 10-77 


Determine the moments of inertia for the shaded area with respect to the u and v 


axes. 
¥ 
Given: 
a = 0.5 in a 
b =4in 
c=5in 
0 = 30 deg 


hb - 
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Solution: 


Moment and Product of Inertia about x and y Axes: Since the Ixy = 0 in’ 
shaded area is symmetrical about the x axis, 


ee one 3 4 
I, = —2ac + —b(2a I, = 10.75 in 
er io (2a) x 
2 
1 3 b 1 3 4 
ly = —2ab + 2ab]}a+—}| +—c(2a) Ty = 30.75 in 
12 2 12 
Moment of Inertia about the Inclined u and v Axes 
+I -1 
Pe ; 3 i A oslo — Ixy sin(26) fee Sula sihe 
+1 I, -1 
iE [ : 5 3 -( : 5 *osl29 + Ixysin(26) ie os sink 


Problem 10-78 


Determine the directions of the principal axes with origin 
located at point O, and the principal moments of inertia for 
the rectangular area about these axes. 


Given: 
a=6in 
b =3 in 
Solution: 
1 
Coie = diein 
3 1 
1 
ly = 5 be I, = 54in" 
ab 4 
Iyy = ——ab TIyy = 81in 
xy a xy 
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6 = -22.5 deg 


jee = osaitr tia 


ee 00 Aine 


Problem 10-79 


Determine the moments of inertia I,,, I, and the product of inertia I,,,, for the beam's cross-sectional 


area. 
Given: 
0 = 45 deg 
. 
a = 8in 
b =2 in 
c=2in 
d =16in 
Solution: 
2 3 1 3 d)° ee 
he—Ge hee a oe 4 jpa|= Iy = 5.515 x 10° in 
3 12 2 
ee eee Sete I= 141910" in 
ly = —[2(a+ b)]°c + — (2b) ly = 1.419 x in 
12 12 
Ixy = Oin® 
es, Tet 
i= — + S * cos(26) — Ixy sin(26) Iy = 3.47 x 10° in’ 
ee ae ee 
ee — 7 S * cos(26) + Ixy sin(26) fy 347 iden: 
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a ;  sin(26) + Ixy cos(20) Iyy = 2.05 x 10° in’ 


Problem 10-80 rt 


Determine the directions of the principal axes with 
origin located at point O, and the principal moments pe 
of inertia for the area about these axes. 


Given: _* fi 
. f ‘ 
a =4in | 7A Sea 
\/ ' y 
b = 2in See 
a 
c=2in 
d=2in 
r=1lin oO : 
Solution: 
1 r 
Ix = a + d) (a4 b)° [= Pe Tx = 236.95 in® 
1 3 nr 2 2 4 
ly = 364 + b)(c+d) eee d Ty = 114.65 in 
i a+b are), ee a 2 I 118.87 in’ 
= — |(a c) — daar = -o/ IN 
Xy 2 2 Xy 
—I 1 I 
tan(2 Op) = = Op = = atan} 2 a Op = —31.39 deg 
I-ly 2 —Ix + Ty 
2 
Op1 = Op1 = —31.39 deg 
Op2 = 58.61 deg 
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dao lb 


Problem 10-81 


Determine the principal moments of inertia for the 
beam's cross-sectional area about the principal 

axes that have their origin located at the centroid C. 
Use the equations developed in Section 10.7. For 
the calculation, assume all corners to be square. 


3 
Given: a =4in b=4in CS aon 
Solution: 
2 
1 t 1 
i eae na el pees) suerte 
12 2 12 
ye 5555in 
1 3 a-t ee 1 3 A 
hy, = 2—t(a-)" +t(a—) | — 4+ =| | +—2b ly = 13.89 in 
y igen ( 5 -| 12 y 


Ixy = -20.73in" 


ay eA dane 


ieee asine 
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Problem 10-82 


Determine the principal moments of inertia for 
the angle's cross-sectional area with respect to a 
set of principal axes that have their origin located 
at the centroid C. Use the equation developed in 
Section 10.7. For the calculation, assume all 
comers to be square. 


Given: 


a = 100 mm 


b = 100 mm 
«A 
t = 20 mm ! 
Solution: 
t a-t 
tbh—+(a-t)t| t+ — 
2 2 
Xo = — * Xo = 32.22mm 
th+(a—ot 
‘be (a-pt- 
—— | ae a- ieee 
a See cy eeD 
_ = 32.22 mm 
me th+(a-vt ae 
pce GaRataa®) ae eee ; Iy = 3.142 x 10° mm* 
= —t(a + t(a Xe--| +— —-xX = 3. x mm 
aes aa: 12 2. i 
eee cae ty’ Pet euN ; Ty = 3.142 x 10°mm* 
re t x —_ b —t(ad t a t Xx =o. x mm 
aay a 12 2 . y 
I Eee cae E\G@=oe Igy = 1.778 x 10° mm* 
= XxX =<) = =X —-—|(a- ==, x Inm 
xy C 9 )\5 Ye 5 c || Ye 5 xy 
Bre. pet 
yo ey one 
I = | —— - —I I = 492 x 10 mm 
max 2 2 ) Xy max 
6 4 
Ix + Iy Ix - ly Imin = 2.22 x 10° mm 
Imin = + +1 
min 5 5 xy 
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Problem 10-83 


The area of the cross section of an airplane wing has the listed properties about the x and y axes 
passing through the centroid C. Determine the orientation of the principal axes and the principal 
moments of inertia. 


Given: Ix = 450in® = ty = 1730 in’ Iy = 138 in” 
Solution: 
=9F i I 
tan(26) = ——~ 6-= ~atan| 2—— — 0 = 6.08 deg 
ia 2 =aeae 


Tee airasine 


pea aein 


Problem 10-84 


Using Mohr’s circle, determine the principal moments of inertia for the triangular area and the 
orientation of the principal axes of inertia having an origin at point O. 


Given: 
a = 30 mm 
b = 40 mm 
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Solution: 


Moment of inertia I, and I,: 


1, 3 
I, = —ba 
SAD. 

1 33 
I, = —ab 
¥~ 42 


Product of inertia I,y: 


OA = 69.462 x 10° mm 


Ix + ly 
Imax _ 2 + OA 


Iy = 90x 10°m 


ly = 160 x 10° mm 


4 


m 


4 


' p a = 
(} 
‘ 
v= ( 4 
hi 
3 == 
Ixy = 60 x 10 Inm t 4 hy 
\ , 
Sel fe 
hy ] — 
\ 
‘ “ 
\, 
1 ay 
— | 
i / 
~ ; | 
fy 


Imax = 194.462 x 10° mm“ Sb al, 
ene weet 
I, +1 \ } ; 
Imin = [4 * on) / \ y" UP irss ‘} 
: US ony 1) a 
| 
Ti 555 10° mm, 
Ti ‘ lk 
tan(20) = y 6 = —atan a 6 = 29.9 deg 
dy. 2 -Iy + Ty 
2 x 
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Problem 10-85 


Determine the directions of the principal axes with origin 
located at point O, and the principal moments of inertia 
for the rectangular area about these axes. 


Solve using Mohr's circle. 
Given: 
a=6in 
b =3 in 
Solution: 
1 
=eba i= 216in’ 
3 i 
1 
ly = 50 b> ly = 54in® 
Pees Po =8uin* 
xy 2 2 xy 


R= 114.55in* 
Iyt+ I 
ia ; ER ie os0ine 
Iyt+I 
Pi 5 PR ee oy Gin 
Giga (eo ors 
= —asin| — = —22.50 de 
pl 9 R p1 8 
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Problem 10-86 


Determine the principal moments of inertia for the 
beam's cross-sectional area about the principal 
axes that have their origin located at the centroid 
C. For the calculation, assume all corners to be 
square. Solve using Mohr's circle. 


Given: 
x 
a=4in = 
“ah 
] 21) f SF le \ j 
bein (Linings 82) he if - 5° \ Fina | 
£ \ 
3. 1p r 
t=-in \ R o a 
n c =. _— 
Solution: 
i= 5555in- 
ly = 13.89in* 


Ixy = -20.73in" 


R = 29.39 in* 


ieee relsinine 


Tin 20:45 ine 


Problem 10-87 


Determine the principal moments of inertia for the angle's cross-sectional area with respect to a set 
of principal axes that have their origin located at the centroid C. For the calculation, assume all 
corners to be square. Solve using Mohr's ciricle. 
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Given: a 


Solution: 


cs - Statics 


= 100 mm b = 100 mm 


of 5) Ce of + =) 
2 2 


th+(a-t)t 


0-0) 


th+(a- tt 


Chapter 10 


Xc = 
Yeo= 

Ixy = <P 
ly = <0 


R=178 010° mn 


X¢ = 32.22 mm 
Yo = 32.22 mm 


Iy = 3.142 x 10° mm* 


Iy = 3.142 x 10°mm* 


Ixy = -1.778 x 10° mm’ 


4 
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I,+I1 
Imax = - 5 Y+R Imax = 4-92 x 10° mm* 
Iy+ ly 4 
Imin = —— Imin = 1364444.44 mm 
Problem 10-88 rt 


Determine the directions of the principal axes with 

origin located at point O, and the principal moments poe vy 2 
of inertia for the area about these axes. Solve using 
Mohr's circle 


Given: 
a=4in J a ee —- 
\ 9 Z 
b =2in — 
a 
c=2in 
d=2in 
r=1in Oo . : 
Solution: 
1 Tr 
Ix = =(c+ 4) (a b)> l= ! el Iy = 236.95 in* 
1 3 ar 2 2 4 
Ly ae + b)(c +d) ey + ard Ty = 114.65 in 
a+b\fd+c 2 A 
hy. = a+ b)(d+c) — daar Tyy = 118.87 in 
opal 8 acai! : 
R = 133.67 in’ 
Iy+ ly 4 
Imax = 2 + R Imax = 309 in 
+l 
Imin = - 5 ae Imin = 42.1in® 
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= ee Ixy 
Op1 = ao a 


Chapter 10 


Op1 = -31.39 deg 


Op2 = 58.61 deg 


Problem 10-89 


The area of the cross section of an airplane wing has the listed properties about the x and y axes 
passing through the centroid C. Determine the orientation of the principal axes and the principal 
moments of inertia. Solve using Mohr's circle. 


ee 
Given: I, = 450 in? 
ly = 1730 in® 
Ixy = 138 in® 
Solution: 


1052 


R = 654.71in’ 


fee ae tne 


fee Aoane 
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Lt 2 Ixy 
Op1 = oe a Op1 = 6.08 deg 


Problem 10-90 


The right circular cone is formed by revolving the shaded area 


around the x axis. Determine the moment of inertia 1, and & f 
express the result in terms of the total mass m of the cone. The jms / 
cone has a constant density ,. n y ; 
1 7 
f 
Solution: y 
f | t x 
h | 
2 
| d&k=shpar 
m= | — == 
alee Feed 
0 
h 
3m 1 (rx 
k= —1| — dx=—mr >— h} —+ 
2 2k 10 
ahr 
0 
? 
aly 
1 “a 
fp es 
*~ 10 


Problem 10-91 


Determine the moment of inertia of the thin ring about the z axis. The ring has a mass m. 
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Solution: 
aR ue 
27R 
2 70 
m 
I= TR Rab = i R Taner: 
27R 
0 


Problem 10-92 


The solid is formed by revolving the shaded area 
around the y axis. Determine the radius of gyration 
k,. The specific weight of the material is 7. 


Given: C7 aN 


= i 
a=3in wa 
Ry ne x ) 
b =3in VW bia 
t ! 
380 a r : 1 
es = 
ft? 
Solution: 
b 
3 2 
m= Yn o(2) dy m = 2.66 1b 
0 
b 
ya aul 2 
Iy = z\a| — —la|=— d Iy = 6.46 lb- in 
0 
I 
y 3 
k, = /— ky = 1.56in 
aa y 
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Problem 10-93 


Determine the moment of inertia I, for the sphere and express the result in terms of 
the total mass m of the sphere. The sphere has a constant density p. 


Solution: 
Aare 3m 
4ar 
r 
1f 3m D} 
Iy = = Bere, (ee eee = Sone 
2: 3 
4ar 


Problem 10-94 


Determine the radius of gyration k, of the paraboloid. The density of the material is p. 


Units Used: Mg = 1000 kg 


M 
Given: p=s a=200mm_ 6 = 100 mm 
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Solution: 
dd 
ee 
Mp = zm| —— | dx Mp = 15.71 k 
Ip p ; ID g 
0 
dd 
2 2 
1 b - 
Ee es #8 2) dx Ty = 52.3610 >kg-m? 
2 a a 
0 
Ty 
ky = =e ky = BYVAL. mm 
Milp 


Problem 10-95 


Determine the moment of inertia of the semi-ellipsoid with respect to the x axis and 
express the result in terms of the mass m of the semiellipsoid. The material has a 
constant density p. 


a 
2 
x 2 3m 
m= prb'|1-— dx=Laparb’ p= 5 
a : 2mab 
0 
6] 
2 2 
1/ 3m 2 2 
Ik = - = |=} 1-5 B}1-= dx=— mb" i= abs 
2 2mab a a : 2 
0 
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Problem 10-96 


Determine the radius of gyration k, of the body. The specific weight of the material is 


Given: 
Ib id 
ft * yf 
¥ 
a = 8in \ 
ot oe ty 
b =2in — ' 
Solution: le a ny 
a 
2 
3 
2(x 
Mb = y mb (=) dx mp = 13.26 1b 
a 
0 
a 
2 2 
3 3 
1 Q(x Q(x ood. 
Ix = —yvab (=) b (=) dx I, = 0.59 slug: in 
2 a a 
0 
Ix 
k= [— ky = 1.20in 
Mb 


Problem 10-97 


Determine the moment of inertia for the ellipsoid with respect to the x axis and express the result in 
terms of the mass m of the ellipsoid. The material has a constant density p. 


a) 
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Solution: 
a 
2 C 4 2 3m 
m= pnb ar dx = —apab p= 5 
a 3 4zab 
—a 
a 
2 2 
1 3m Xx Xx 2 2 
= = sab | 1-= B}1- dx = mb" lee nb 
4znab a a 5 5 


Problem 10-98 


Determine the moment of inertia of 
the homogeneous pyramid of mass m 
with respect to the z axis. The density 
of the material is p. Suggestion: Use a 
rectangular plate element having a 
volume of dV = (2x)(2y) dz. 


Solution: 
h 
Z z 2 m 3m 
V= aj1-— dz = —ha p=] 
h V ach 
0 
h 
3m | 1 yi i. % 1 2 
I, =— —|aj/1—-—]| dz=—ma I; = —ma 
2 6 h 10 10 
ah 0 
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Problem 10-99 


The concrete shape is formed by rotating the shaded area about the y axis. Determine the moment of 
inertia I,. The specific weight of concrete is 7. 


Given: 
lb 
y = 150 aa 7 
ft 
a=6in i 
—_| 
b =4in (<a> i” 
SSS 
c = 8in 4 x 
Solution: 
Cc 
1 2 2 1 a a 2 
ly = =ym(a+b)c(atb)- | =7 2-4 |=* ay Iy = 2.25 slug ft 
2 2 c c 
0 


Problem 10-100 


Determine the moment of inertia of the thin plate about an axis perpendicular to the page and passing 
through the pin at O. The plate has a hole in its center. Its thickness is c, and the material has a 


density of p 
Given: 
a=140m c = 50 mm 
k 
b = 150 mm p= 50 
m , 
4 ? 


Solution: 


1 1 
Ig = spac? + a) - so nb-cb" 


Ig = 1.60kg-m? 


Ig = Ig+md- 
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2 2 
m= pac-—pabc 
m = 4.7233 kg 


Io = Ig+ m(asin(45 deg)? 


Ip = 6.23kg-m7 


Problem 10-101 


Determine the moment of inertia I, of the frustum of the cone which has a conical depression. The 


material has a density p. 


Given: 
kg hy 
= 200 — “a 
p ; al | 
m ures 
7 Sh 
a=04m t 
b=0.2m | \ d 
c=06m 
d = 0.8 m > \ ' t 
Solution: <a . 
d 
hee 
a-—b 
3 eee 2 3 1 2 2 3 12 2 
L,=— —za h\|\a -— —za c\|a —-—|p|—zb (h-d)||b 
. ae ) a3 } a3 | 
2 
I, = 1.53kg-m 


Problem 10-102 


Determine the moment of inertia for the assembly about an axis which is perpendicular to the 
page and passes through the center of mass G. The material has a specific weight +. 


Given: 


a = 0.5 ft d = 0.25 ft 
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lb = 
c=1ft y = 90 a a 
ft 
Solution: 
1 1 1 
Ig = 57 (a+ by ea +b) — sy nb'(e- db — Syncde” 
d— 


Ig = 118slug. ft 


Problem 10-103 


Determine the moment of inertia for the assembly about an axis which is perpendicular to the page and 
passes through point O. The material has a specific weight y. 


Given: 


BS ww Ae 


a=05ft d=0.25 ft 


b=2 ft e=1ft 


Ib 
c=1ft y = 90 4 
ft i—7- 
Lo 
Solution: 1-—. 
1 1 1 
Ig = BY dao + b)*e(a + b)? - Sr b°(e- d) b? = sracde 
2 
Ig = 118slug- ft 
2 2 2 
M = ya(a+b) e-yab(e-—d)-yacd M = 848.23 Ib 
2 2 
I9 = Ig+ M(a+b) I9 = 283 slug: ft 
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Problem 10-104 


The wheel consists of a thin ring having a mass M, and four spokes made from slender rods, each 
having a mass M. Determine the wheel’s moment of inertia about an axis perpendicular to the page 
and passing through point A. 


Given: 
M1 = 10 kg 
Mp2 = 2 kg 


a = 500 mm 


Solution: 


2 1 2 

Ig =Mja + nares 
2 

Iq = Ig+ (Mz + 4Mp)a 


Ta 7.67 ke me 


Problem 10-105 


The slender rods have a weight density 7 Determine the moment of inertia for the assembly 
about an axis perpendicular to the page and passing through point A. 


Given: 
=e Ib 
jae 
a = 1.5 ft 
b=1ft 
c=2ft 7 
Solution: 


1 1 oF 
re qld +6)(b +6)” + —72a(2a)” + ace 


I = 2.17 slug. ft” 
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Problem 10-106 


f \ 
Each of the three rods has a mass m. Determine the , vN \ 
moment of inertia for the assembly about an axis which is y, ‘4 LY 
perpendicular to the page and passes through the center A ‘ " \ 
point O. 7 YA 
af ‘A Y \ a 


4 ‘f °O LY 


Solution: 4 \ 
1 2 (asin(60 deg) \? Mf WN 
Ip = 3} —ma + m| ——— é ‘\ 
ee [ 3 | G = 
1 
I9==—m ae 


2 


Problem 10-107 


The slender rods have weight density vy. Determine the moment of inertia for the assembly 
about an axis perpendicular to the page and passing through point A 


Given: 
i lb 
ea i 
a = 1.5 ft 
b =2 ft | 
x = 
_ u =" u— _ 
Solution: 
T6290 al 2 2 2 
Iq = 3 ybb" + = y2a(2a)" + (2a) b Ta = 1.58 slug: ft 


Problem 10-108 


The pendulum consists of a plate having weight W, and a slender rod having weight W,, | 


Determine the radius of gyration of the pendulum about an axis perpendicular to the page and 
passing through point O. 


1063 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 10 


Given: 
t F = 
u 
Wp = 12 |b a=1ft l 
Wr = 4 lb b = 1 ft L ; A. | u | 


c=3ft 
d=2 tt 


Solution: 
2 


2 
1 2 c+d 1 2 2 b 
Ig = —W,(c+d) + W, —c}| +—Wyla +d )+Wpyl c+ 
0 1D r( ) { 9 ) 12 al at "| 


Io 
ko = |——— ko = 3.15 ft 
Wp + Wr 


Problem 10-109 


Determine the moment of inertia for the overhung crank about the x axis. The material is steel 


having density p. 
Units Used: r 
Mg = 1000 kg 
a ul 
Given: | 
M ! { 
= 7.85 —2 
3 
m 
a = 20 mm 
b = 20 mm ‘ 
c = 50 mm Pail 
a h a) - 
d = 90 mm 
e = 30 mm 
Solution: 
- 2 
m = p2(2) c m = 0.12 kg 
M = p2dbe M = 0.85 kg 
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2 
Be Jn(2) +m(d- oA + SM 20)" +e] 


3 


fy = 30510) > keene 


Problem 10-110 


Determine the moment of inertia for the overhung crank about the x’ axis. The material is steel 


having density p. 
Units used: 
u 
Given: n 
M — 
p= 7652 
in A 
a = 20 mm 
b = 20 mm 4 
c = 50 mm : 
ele as oS 
d = 90 mm 
e = 30 mm 
Solution: 
4 2 
m = px(2) Cc m = 0.12 kg 
M = p2dbe M = 0.85 kg 
1 fa\ 2 1 M. 2 2| 
Iy = 2}—m| —| +m(d-—e) |+— 2d) +e 
x ; (<) ( ) iD (2d) 
2 -—3 2} 
Ix! = Ip + (M + 2m)(d-e) Iy' = 7.19x 10 ” kg-m 
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Problem 10-111 


Determine the moment of inertia for the solid steel assembly about the x axis. Steel has a specific 
weight 7,;- 


Given: 


a=2ft a — 
1 7 5 
3 ft a 


c = 0.5 ft 


b 


Q 
lI 


0.25 ft 
490 ~ 
Yst = a 
ft 


Solution: 


Cc 
Iy = Vs wen > +6 h 


Iy = 5.64 slug- ft 


Problem 10-112 


The pendulum consists of two slender rods AB and OC which have a O 
mass density /,. The thin plate has a mass density p, Determine the 


location y, of the center of mass G of the pendulum, then calculate ¥, 


the moment of inertia of the pendulum about an axis perpendicular to 
the page and passing through G. , h 


Given: 


pr=3— 
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c=01m 
d=03m 
Solution: 


b 
bors + nd-p.(b + d) — x¢7p,(b + d) 


Ye Yc = 0.888 m 


bor+ nd ps = nC’ ps + pr2a 


I ee (2a)? + 2a ree: b? 
G 1D Pr Pr Yc 1D Pro... 


2 
b Dy Ds 1 2 2 
+ bor( 2- x] eid psd +ad ps(b+ d- yc) ee 


1 
+ SAC psc = xc" ps(b +d- ve 


iG 5 Gikeme 


Problem 10-113 


Determine the moment of inertia for the shaded area about the x axis. 


Given: 
a=2in 
b = 8 in vat} 
; a 
Solution: 
b 
ue i) 
2(Yy : 
Ix = y o(2) dy 
0 
i 30710" mai 
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Problem 10-114 


Determine the moment of inertia for the shaded area about the y axis. 


Given: 
a=2in r 
b = 8 in ‘ 1 
hal 
Solution: 
a fy 
2 x 7 
i= x|b—b|— dx 
0 
ly = 10.67 in 


Problem 10-115 


Determine the mass moment of inertia I, of the body and express the result in terms of the total 
mass m of the body. The density is constant. 


y 


| y=gn tbs 


a - 
Solution: 
ad 
bx ‘ 3m 
m= pa\|—+b}] dx=—-apab p= 5 
0 a 7zab 
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ad 
2 2 
1 3 b b 93 
Gel = 7 | ) (= | des ee 
2 Tab a a 70 
0 
93 2 
I, = —mb 
wih 


Problem 10-116 


Determine the product of inertia for the shaded area with respect to the x and y axes. 


Given: , 
a=1im 
b=1m 
4 
i 

Solution: 

b 

i i 
i ey y . 4 

Ly = —ya|—| al—]|] d Ty, = 0.1875 m 
xy 5” (2) (2) Ly xy 

0 


Problem 10-117 


Determine the area moments of inertia [,, and I, and 
the product of inertia I,,, for the semicircular area. 


Given: 
r = 60 mm 
0 = 30 deg 
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Solution: 
4 

ar 

ly = ee ly = Ix 

Ixy = 0mm 
+l k-I 

Iy = S Z + * cos(26) - Ixy sin(26) 
+l Iy-I 

ly = S es * cos(26) — Ixy sin(26) 
I -I 

Iuy = —— sin(26) + Iycos(20) 


Chapter 10 


Ty = 5.09 x 10° mm‘ 


Ty = 5.09 x 10°mm* 


Problem 10-118 


Determine the moment of inertia for the shaded area about the x axis. 


Given: 
a=3in 
b =9in 
Solution: 
b 
Ix = ya | 1 Pi dy 
b 
0 
p= cei: 


Problem 10-119 


Determine the moment of inertia for the shaded area about the y axis. 
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Given: 
a=3in 
j 
b =9in 
Solution: ,{ ) 
ad 
2 J 
2 x 
a 
0 
ly = 32.4in" — 


a 
t 


Problem 10-120 

Determine the area moment of inertia of the area about the x axis. Then, using the parallel-axis 
theorem, find the area moment of inertia about the x’ axis that passes through the centroid C of the 
area. 


Given: y 


a = 200 mm 


b = 200 mm 
r 
b 
J 
Solution: 
b 
ie yaa | dy Iy = 914x 10°mm* 
0 


Find the area and the distance to the centroid 


b 
Ave 20 [2 ay A = 53.3 x 10° mm 


0 


N 
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Chapter 10 
b 
Slit aesioo a 120.0 
=— a |= = 120.0mm 
Ye A y 5 Ly: Ye 
0 
jen ee Iy = 146x 10°mm* 


Problem 10-121 


Determine the area moment of inertia for the triangular area about (a) the x axis, and 
(b) the centroidal x’ axis. 


Solution: 
h 
2b 1 3 il 2 
I= —(h-y) dy=—-h'-b I, = —bh 
x y ra y) dy iD Ee 
0 
3 2 
bh 1 h 1 
(ee) ea fee eape 
12 2 3 3 36 


Problem 10-122 


Determine the product of inertia of the shaded area with respect to the x and y axes. 


Given: 
a=2in 
b=1in 
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Solution: 
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Problem 11-1 


The thin rod of weight W rests against the smooth wall and 
floor. Determine the magnitude of force P needed to hold it 
in equilibrium. 


Solution: 


Xp =L cos( 6) 6 Xp = -L sin(6)5 0 


iie= [into yw = [F Jeos(a)ae 


SU=0; — —P dxp — Wéyy = 0 
—P(-Lsin()6 6) — w(Z cos(0)50) =0 


54 PL sin( 6) — (A* cosa] =0 


Since 60 # 0 
P Lsin(6) 7 [A cosa =0 


P 
P= “ cot( 6) 


Problem 11-2 


The disk has a weight W and is subjected to a vertical force P anda 
couple moment M. Determine the disk’s rotation @ if the end of the 
spring wraps around the periphery of the disk as the disk turns. The 
spring is originally unstretched. 


Given: S = 


W = 10 |b k> 
P =81b > : 
M = 8 lb-ft | 
[fF 
a = 1.5 ft SS 
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Ib 
k = 12 — 
ft 


Solution: 
5U = P a6 0+M 566-kaba50 =(P a+M-—ka26) 5 0=0 


7 Pa+M 
7 2 


Pa+M-ka-0=0 0 0 = 42.4deg 


ka 


Problem 11-3 


The platform supports a load W. Determine the 
horizontal force P that must be supplied by the 
screw in order to support the platform when the 


links are at the arbitrary angle 

Solution: 
x = Icos(6) x = -Isin(@)50 
y = 2 Isin(0) dy = 2 lcos(O)50 


0U=-Woéy-P6x=0 


_w(2 Icos(6)66) — P(-Isin(0)5 6) = 0 mn 
—2 W cos( 8) + Psin( 0) =0 — oc ~ 
Ni AN 
P=2 Wcot(@) } AN : SS 
Af x s 
Vs V4 
, Z 4 Af 


Problem 11-4 


Each member of the pin-connected mechanism has mass m,. If the spring is unstretched 


when @= 0°, determine the angle @for equilibrium. 
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Given: 
mj, = &kg 
N ‘ 
k-=.9500 — ? 
m 
s. 
L = 300 mm \M S 
| \ S| 
> # } 7 > 
M =50Nm Pa ae 4 
u 1 B 
=Oai— 
g = 9.815 
S 
[ 
A D 4? 
Solution: 


yY1= [into OY1 = Fost ao 0 y2= Lsin(6) 0 y2= Lcos(0)6 0 
6 U=2mjgo yj +m go yo —-ky2dy2 + M6 0=0 


1 ’ 
oU = Lm; atf>{ =) cos( 6) + cos —kL sin( O)L cos( 6) + uso =0 
There are 2 solutions found by starting with different guesses 
Guess 6 = 10 deg Given 
my gL 2 cos( 8) = kL? sin( 6) cos(@) +M=0 O= Find(@) 0 = 27 Adeg 
Guess 60 = 60deg Given 


m gL 2cos(@) = kL? sin( 6) cos(@) +M=0 O= Find(@) 0 = 72.7 deg 
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Problem 11-5 


Each member of the pin-connected mechanism has mass 


required stiffness k so that the mechanism is in equilibrium 


m,. If the spring is unstretched when @= 0°, determine the | a“ 
when @ = st 


Units Used: 


kN = 10° N 


D ee 
mz, = &kg 


S 
lI 


30 deg 


| 
ll 


300 mm 
M=ON-m 


= 931 
g=-4. 5 
S 


Solution: 
ae L ; 
Y1 = [= sino oy, = [F costo 0 y2= Lsin(6) Oy2 = Lcos(0)5 0 


OU = 2m, goy1 +m, goy2 —ky2dy2+M 6 8=0 


oU = Im; ail{) cos( 6) + cos) — kL sin(@)L cos(@) + alo 6=0 


kN 
Guess k = 1— Given 
m 
2 kN 
m4 gL2cos( 6) —kL sin( 6) cos(6) +M=0 k = Find(k) k= 1.046 — 
m 


Problem 11-6 


The crankshaft is subjected to torque M. Determine the horizontal compressive force F applied 
to the piston for equilibrium when 0= 
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Given: a 


M =50Nm 


O99 = 60 deg 


100 mm 


a 
lI 


S 
lI 


400 mm 


Solution: 0 = & 
b? = Gey 58 a x cos( 6) 


0=2xdx-2a cos(6) dx + 2 axsin() 00 


OX = a 00 


x- acos(0 


SS oe wom 6 0=|-r em) lo 6=0 
x —acos(6) 


Guesses x=lm F=i1N 


in| 8, 
Given b° = a’ eye 2axcos( 8) —-F _axsin() +M=0 
x- acos( 6) 
F 
) = Find(F,x) xX = 440.512 mm F=512N 
Xx 


Problem 11-7 


The crankshaft is subjected to torque M. Determine the horizontal compressive force F and 
plot the result of F (ordinate) versus 0(abscissa) for 0° <= 0<= 90°: 


Units Used: 
kN = 10°N 
Given: 


M = 0.05 kN-m 


a=01im 


b = 0.4m 
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Solution: 


b? = a + x = 2axcos( 6) 


Solving 

x= acos(@) + a cos(6)" + b? + a 
Virtual displacements 

b? 7 a + x - 2axcos(6) 


O = 2xdx — 2a cos( 6) dx + 2axsin(6)50 Ox = aes Je 
x= acos(@) 


ou = -roc+ moo=[-{ SS) loa 0 p= nf 200) 


x —acos(@ axsin( 0) 


0 = 0..90 x(0) = acos( deg) + a cos(6 deg) + b? + a 


F(6) = yc oe) 


ax(6) sin( deg) 


Force in kN 
ae 
Sy 


0 50 100 


0 


angle in degrees 


F(60) = 0.515 
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Problem 11-8 


If a force P is applied perpendicular 


to the handle of the toggle press, 
determine the compressive force 


developed at C. 
Given: 

P = 30 |b 

0 = 30 deg 

a =12in 

b =2in 
Solution: 

d=a0d0 

y=2 bcos(@) 


dy = —2bsin( 6) 


-P ad50 + F2bsin(6)50 = 0 


F2bsin(6) = Pa 


3? Fara) 


F = 1801b 


Chapter 11 


P 
aa if \an 
we = 
ae =o 
Aw 
Fh ae 
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Problem 11-9 


A force P is applied to the end of the 
lever. Determine the horizontal force F 
on the piston for equilibrium. 


Solution: 
os = 2160 
x=21 cos( 8) 


dx = 2 I sin(6) 50 


oU = —P os — Fox = 0 


—P 2150 + F2Isin( 0)50 = 0 


F= Pcsc( 6) 


Problem 11-10 


The mechanism consists of the four pin-connected bars and three springs, each having a stiffness k 
and an unstretched length |, Determine the horizontal forces P that must be applied to the pins in order 


to hold the mechanism in the horizontal position for equilibrium. 


1081 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics Chapter 11 


NA- 


—— 
~~ 
> “<a 
= = WW 
| wv 
WANA 
Dh 


Solution: 


x = Icos(6) ox = —Isin(6) 60 of f | 


y = 2 Isin(6) dy = 2 Icos(6) 60 


er | 
OU=0; -2 P&x-3 Fs =0 <> | 


2 Plsin(@)50 — 3 F, 2Icos(0)56 = 0 


Psin(6) =3 Fcos(6) 


Since F’; = k(2 Isin( 8) = lo) ithen 


P = 3 kcot(6)(2 Isin( 4) — Ig) 


Problem 11-11 


When @= @, the uniform block of weight W, compresses the two vertical springs a distance ©. If 
the uniform links AB and CD each weigh W,, determine the magnitude of the applied couple 
moments M needed to maintain equilibrium. 
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Given: 


S@Ge@egegedgedgd @ Gg 
69 =20deg a=1ft ———S———S——— 


Wp =50lb b=4ft 


~ 
> 


Oo =4in c=1ft — 


W,=10lb d=2ft 


l / 
poe | 
in b 
Solution: 0 = @ Me v4 
y1= Poneto) Fyp Fyp 
2 Wi, 


Oy, = = sin( 0.30 


y= 5 + bcos(@) 


dyz = —bsin( 6)s0 


V3 2 5 


Oy3 = Oy2 


OU = —2W_, oy, — Wpoyo — 2k6 dy3 — 2M60 = 0 


dU = [ami(2) sin(@) + Wp bsin( 6) + 2kdb sin(6) — am|oo =0 


Wr, + Wp 
M = || —— Jb + kéb sin( 6) M = 52.0 lb-ft 


Problem 11-12 


The spring is unstretched when @= 0. Determine the angle @ for equilibrium. Due to the roller 
guide, the spring always remains vertical. Neglect the weight of the links. 
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Given: 


P=8lb 


Ib 
k = 50 — 
ft 


a=2ft 


b = 2 ft 


Solution: 


yj=a sin( 6) 


at+h 


Oyj =a cos( 0) 50 


yo = (a +b)sin(@) + a+b 


dy2 = (a + b)cos( 0) 50 


OU = —k yj 6y1 + Poyo = [-kasin( 6)a cos( 8) + P(a+b) cos( 6) |50 =0 
cos( 6) Pa + b) - kae sin(6)| =0 


There are 2 answers 01 


acos(0) 01; = 90deg 


P(a+b 
pik sin 65 = 9.207 deg 
ka 


Problem 11-13 


Determine the force P required to lift the block of mass M using the differential hoist. The lever arm is 
fixed to the upper pulley and turns with it. 


Given: 


a = 800 mm 
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M = 15 kg 


S 
lI 


150 mm 


c = 300 mm 


= 981 — 
g=4. 9 
s 
Mig) Miz} 
Solution: 7 3 
OU = 0; 


Miw) 


Problem 11-14 


Determine the magnitude of the applied couple moments M needed to maintain equilibrium at 6. The 
plate E has a weight W. Neglect the weight of the links AB and CD. 


Given: 
a = 0.5 ft 
d = 2 ft 
b =1ft 
c=2 ft 
W = 50 lb 
O = 20 deg 
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Solution: 


Ym=d cos( 6) + 5 Vm = —d sin( 6)50 

dU = —2 M 50— Wd sin(6)(56)] = (W dsin(6) — 2 M)d0 = 0 
1 d 

M= a Wd sin( 6) 


M = 17.1\b-ft 


Problem 11-15 


The members of the mechanism are pin connected. If a horizontal force P acts at A, determine the 
angle Ofor equilibrium.The spring is unstretched when @= 90°. 


Units Used: 


kN = 10° N 


Given: * 


He 


a=05m 
kN 
k = 20 — 
m 
P = 400N 


Solution: 


Xi = acos( 6) 
ox] = —a sin( 6) 


x2 = 5a cos(@) 


6x2 =—-5 asin(6) 50 ¥5 


OU = [P(-5 asin(@)) —ka cos(6)(—a sin(6))] 00 =0 


sin()(-5 P+ka cos( 6)) = 0 
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There are 2 equilibrium angles. 


0; = asin(0) 01 = Odeg 
5P 

02 = scos{ =) 02 = 78.5 deg 
ka 


Problem 11-16 


Determine the force F needed to lift the block having weight W. Hint: Note that the coordinates 
S, and Sp can be related to the constant vertical length | of the cord. 


Given: 
W = 100 lb 
Solution: 
i 
| = SA + 2 SB 4 t 
H of 
0 = 6sa+ 2 Osp H 
U f 
\ 
OSA = —2 OSB 
. 
F 


OU = Fésq + Wosp = (-2 F + W) dsp = 0 
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Problem 11-17 


Each member of the pin-connected mechanism has a 
mass m,. If the spring is unstretched when = 0° 


determine the angle @for equilibrium. 


Given: 
a= 300mm MMMM y—@ 
N ‘ L. 
k = 2500 — 
m 
my = 8kg 
M = 50N-m 
D, ‘ 
Solution: dD, | I 4 
—,; _— 
4) wy i vpn 1 
x= asin( 6) OX = acos( 6) 00 / J He ff / ’ 
yt ff ——/__.»f i 
y=acos(6) dy =~—asin(0)50 { = 
| 
2 i ogre 
Fs = kx Fs = kasin(@) 0 : 
oy 
oU = mj 42] + 5] — F,éx + M60 = 0 
OU = (-2m gasin( 0) = kasin(@)acos( 6) + M)6U =0 
Initial Guesses: 6 = 10 deg 
Given 
—2 m1 gasin(@) = kasin( @)acos( 6) +M=0 0= Find(@) 0 = 10.7 deg 
Now starting with a different guess we find anothe answer. 0 = 90 deg 
Given 
—2 mj gasin(6) = kasin(6)acos( 6) +M=0 0 = Find( 6) 0 = 89.3 deg 
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Problem 11-18 < i - 
Yr 3 
The bar is supported by the spring a . z 5 
and smooth collar that allows the Ken. a 
spring to be always perpendicular to Gy, y 4 2 
the bar for any angle @. If the k y ° 
unstretched length of the spring is Io, \ LV 4 
determine the force P needed to hold , , 
the bar in the equilibrium position @. y 4 
Neglect the weight of the bar. Le 
i 
Solution: 
s= asin( 8) Os = acos( 0)50 ° 
“< >> Ay 
ye sin( 6) dy =1 cos( 0) 50 + F — 
Bee k(a sin( 6) — lo) _ 7 , 
ot, 
OU = Poy = F 6s = 0 pe —_ "<4 | 


OU = P lcos()50— k(asin(6) — Ig)acos(0)50 = 0 


P 
p = ~(asin(9) — to) 


Problem 11-19 


The scissors jack supports a load P. Determine the axial force in the screw necessary for 
equilibrium when the jack is in the position @ Each of the four links has a length L and is 
pin-connected at its center. Points B and D can move horizontally. 
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Solution: 

x = Lcos(6) ox = —L sin( 0)50 

y = 2Lsin(@) dy = 2L cos( 0)50 

OU = —P dy — F&x = (-P2L cos( 0) + FLsin(0)) 60 = 0 F = 2Pcot() 


Problem 11-20 


Determine the masses m, and mg of A and B required to hold the desk lamp of mass M in balance for 
any angles @and ¢. Neglect the weight of the mechanism and the size of the lamp. 


Given: 

M = 400 gm 
a = 75 mm 
b = 75 mm 
c = 75mm 
d = 300 mm 


e = 300 mm 


m 

9.81 — 
2 
s 


© 
ll 
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Solution: 

y1 = (b +e)sin(0) - dsin(¢) dy1 = (b + e)cos(8) 80 — dcos($) 56 
yo = bsin( 6) + csin(¢) — asin(@) 5 yo = (b —a)cos(6)d0 + ccos( 4) 5¢ 
y3 = —asin(@) dy3 = —acos( 0) 50 


oU = —M goy] — magoy2 — mBgoy2 = 0 


OU = lr M(b + e) — ma(b - a) 4 mpa|cos( 0)50 + (Md - mac)cos( 4) 59] =0 
We now solve by setting both coefficients to zero. 


Guesses ma = 1kg mp = 1 kg 


Given M(b + e) — ma(b- a) + mpa=0 Md-mac=0 


("= emuina.ma) ("21g 


Problem 11-21 


The Roberval balance is in equilibrium when no weights are placed on the pans A and B. If two 
masses m, and mp are placed at any location a and b on the pans, show that equilibrium is maintained 


if my da = Mp dp. 


Solution: 


ya = dasin(0) 


dy = dacos(6)50 


yp = —dpsin( 6) 


dyp = —dpcos(6)d50 


oU = -m, gdacos(6)s6 — mB 9(-dp.cos( 6) 50 =0 
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OU = (mp dp - mada) gcos(0)50 =0 


mada = mpdg Q.E.D 


TT TUT ATTA TTT ATTA TIT ITE 


fi if f f¢ f 


Problem 11-22 


The chain puller is used to draw two ends of a chain together in order to attach the “master link.” The 
device is operated by turning the screw S, which pushes the bar AB downward, thereby drawing the 
tips C and D towards one another. If the sliding contacts at A and B are smooth, determine the force F 
maintained by the screw at E which is required to develop a drawing tension T in the chains. 


Given: 


T =120 lb 
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0 = 60 deg 
aq=3in 
b=1in 
Solution: 
b 60 
oe 
: cos( 6) 
b 1 
oy = | ——~ || —— |60 
‘ (sala) 
oU = 0 


Foy — 2T(ad6) = 0 


Fb oT 
cos( 6) sin( 6) 7 ‘ 
F=2Ta cos(@) (22) 


F = 312\b 


Problem 11-23 


The service window at a fast-food restaurant consists of glass doors that open and close automatically 
using a motor which supplies a torque M to each door. The far ends, A and B, move along the 
horizontal guides. If a food tray becomes stuck between the doors as shown, determine the horizontal 
force the doors exert on the tray at the position & 


Solution: 


x = 2a cos(@) 
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Ox = —2a sin(6)50 


oU = 0; —M 60 — Fox = 0 


-M 60+ F 2 a sin(6)c0 = 0 F 
aes 
2a sin( 6) 


Problem 11-24 


A horizontal force acts on the end of 
the link as shown. Determine the 
angles @, and @, for equilibrium of 


the two links. Each link is uniform 
and has a mass m. 


Solution: 


x= Isin( 01) + Isin( 02) 


y1 = c0s( 41) 


y2= Icos( 61) + = cos( 4) 


ox = Icos(01)501 + 1cos( 02) 502 


L. 
i= 5 sin( 01) 50] 


6y2 = -Isin(01) 50; - 5 sin( 4p) 562 i 


OU = Péy + mgdy1 + mgdy2 = 0 


OU = PI(cos( 01) 50 + cos( 2) 502) - ma 3](2 sin(01)501 + sin( 2) 502) = 0 
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OU = [P1cos(4) = 3g sin( 0) 50 + [P1cos(¢) = mg sin( 0) 50, =0 


Thus we have 2 equations: 


Pl! cos( 07) - Z mgl sin( 01) =0 01 = san aie ) 
2 3mg 

Pl cos( 02) = x mgl sin( >) =0 02 = son( =) 
2 mg 


Problem 11-25 


Rods AB and BC have centers of a | 
mass located at their midpoints. If all 

contacting surfaces are smooth and 

BC has mass mpc determine the \ 


appropriate mass Map of AB required t 
for equilibrium. 


B 


Given: 
‘ ae. ——— 
-— : | 
mpc = 100 kg | rs : 
a = 0.75 m 
b=1m 
c=2m 
d=15m 
Solution: 


Use @ as the independent variable 
d a 
Define [j= a + b° [2 = i + a O= aan“) g= san 2) 
Cc 


Then Ty cos(¢) + Lycos(8) =b+c -L1 sin( g)d¢ — La sin( 6) 60 = 0 
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a F Losin(@) e 
ms we L1sin() 


Ty Ty -L) sin( 6) cot(¢) 
Also y1= = sin(g) oy, = s cos) oy = — a 00 
L2 L2 
y2= Be sin( 8) oy? = = c0s(4) 58 


Lo sin(6) cot(¢) Lp 
oU = —maBgoy] — MBC goy2 = J MAB ———g 1 = cos(6) 60 = 0 


MAB = mac tan(¢) cot(@) map = 100 kg 


Problem 11-26 


If the potential energy for a conservative two-degree-of-freedom system is expressed by the 


relation V = ay* + bx* , where y and x, determine the equilibrium positions and investigate the 
stability at each position. 


Given: 
N N 
a=3— b=2— 
m m 
Solution: 
V= ay + bx" 


Equilibrium position: 


Ox 
oy 
Stability: 
ar N 
At (0,0) —5V = 2b w4— ~ “HO 
Ox Mm 
At (0,0) @ N 
. aorta = 2a 2a =6— >0 
oy me 
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At (0,0) UO Ap. G 
Ox Oy 
2 
2 2 2 
oe a) [22y] = ay ay = —4ab gap og. BG 
Ox Oy OX Oy m- 


Stable at (0,0) 


Problem 11-27 


If the potential energy for a conservative one-degree-of-freedom system is expressed by the relation 
V = (ax? + bx* + cx + d), determine the equilibrium positions and investigate the stability at each 


position. 
. lb lb 
Given: a=4— b=-1— c =-3 |b d = 10 ft-lb 
‘2 ft 
t 
Solution: 


V= ax +bx’ +cex+d 
Required Position: 


Oy 49." ope = 
dx 


2b + 4b* — 4(3a)c 


XJ = 


2(3a) 
xz = 0.59 ft 
2 
—2b — 4b” — 4(3ac) 
X2 —_—_—_—"_______ 
2 (3a) 
x9 = -0.424 ft 
Stability: 
d2 
rer id = V" = 6ax+ 2b 
dx 
Ib 
At x = x1 V"1 = 6axz + 2b V"4= es Vv", >0 Stable 
t 
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Ib 
At x = x2 V"2 = 6ax2 + 2b V2 = ers V"2 <0 Unstable 


Problem 11-28 


If the potential energy for a conservative one-degree-of-freedom system is expressed by the relation V 
= asin(0) + bcos(20), 0 deg < @< 180 deg, determine the equilibrium positions and investigate the 
stability at each position. 


Given: 
a = 24 ft-lb b = 10 ft-lb 
Solution: 
V = asin(@) + bcos(26) 


oy =V= acos(@) = 2b sin(26) = acos( 6) = 4b sin( 8) cos( 6) 


dé 

V= cos( A)(a = Ab sin( 0)) = 0 

d2 

—5V = V" =-a sin( 6) - Ab cos(26) 
dx 


Equilibirium Positions: 


01 = acos(0) 01 = 90 deg 
05 = ssin( &) 05 = 36.87 deg 
4b 
63 = 2-09 63 = 143.13 deg 
Check Stability 
v"; = -asin(;) — 4bcos(20;) Vv"; = 16lb ft Stable 
V"2 = -asin(@2) — 4b cos(262) V"> = -25.6]b ft Unstable 
v"3 = -a sin( 03) — 4b cos(23) v"3 = -25.6 lb ft Unstable 


Problem 11-29 


If the potential energy for a conservative two-degree-of-freedom system is expressed by the 
relation V = ay* + bx? , where y and x, determine the equilibrium positions and investigate the 
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stability at each position. 


Given: 
N N 
a=6— b=2— 
m m 
Solution: 
V= ay’ + bx 


Equilibrium position: 


Oia G x=0 
Ox 
oy 
Stability: 
2 
N 
At (0,0) “v=2 2b = 4— >0 
Ox m0 
At (0,0) @ 
? —5V = 2a 2a=12— >0 
Oy 
At (0,0) 22 y= 
Ox Oy 
2 
2 2 2 
N 
At (0,0) |/60)) _ ay Sov = —4ab -4ab=-48—— <0 
Ox OY Ox Oy m? 


Stable at (0,0) 


Problem 11-30 


The spring of the scale has an unstretched length a. Determine the angle @ for equilibrium when a 
weight W is supported on the platform. Neglect the weight of the members. What value W would be 
required to keep the scale in neutral equilibrium when @= 0°? 


Solution: 


Potential Function: The datum is established at point A. Since the weight W is above the datum, its 
potential energy is positive. 
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V= =k(21 sin(6))* + W2E.cos(6) = 2kL7 sin(6)" + 2WL.cos(6) 
Equilibrium Position:The system is in equilibrium if 


dy = ax? sin(6) cos(6) — 2WLsin(6) = 2E sin(6)(2kL cos(6) — W) = 0 
dg 


W 
Solving, 0=0° of @=acos| —— 
2kL 


To have neutral stability at O= 0, we require that 


cigs 
ao 


V = 4kL7 cos(2 x 0) — 2WLcos(0) = 4kL? — 2WL = 0 W = 2kL 


Problem 11-31 


The two bars each have weight W. Determine the required stiffness k of the spring so that the two 
bars are in equilibrium at @= 6). The spring has an unstretched length 6. 
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Datum 


Given: W = 8 lb 09 = 30 deg o=1ft a = 2 ft 


Solution: 0= 00 


v= 2w{ 2) sin(6) + +k(2acos(0) ~ 8) 


= = Wa cos( 6) - k(2a cos(@) - 5) 2a sin( 6) =0 
ce Wacosls) Pease 
(2acos(6) — 6)2asin(6) ft 


Problem 11-32 


Each of the two springs has an 
unstretched length 6. Determine the mass © 
M of the cylinder when it is held in the 


equilibrium position shown, i.e., y = a. 
Given: 
a=1m 
b = 500 mm 
6 = 500 mm 
N 
k = 200 — 
m 
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Solution: 


; DATUM 


Set y=a 


Guess M=1kg " 


Given 


oll 9? +B - raed ~Mg=0 


M =Find((M) M=22.5 kg 


Problem 11-33 


The uniform beam has mass M. If the 
contacting surfaces are smooth, determine 
the angle @ for equilibrium and investigate 
the stability of the beam when it is in this 
position. The spring has an unstretched 


length of 6. 
Units Used: 

kN = 10° N 
Given: 

M = 200 kg Req = 

m 4 
6=05m 
l1=2m 

Solution: 


V= mas] sin(@) + =(c0s( 4) _ 5)" 


—v =V'= mas] cos(@) — k(Icos(6) — 5)Isin(@) = 0 


2 
ae =VWi= -mg{ 4) sin( 6) + kI° sin(6)* — K1cos(6) — 5)Icos(6) 
dé 
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There are 2 equilibrium points 


Guess 0 = 30 deg Given md] cos( 6) - K(1cos( 6) - d)Isin(6) = 0 


6, = Find(6) 61 = 36.4deg 


Guess 0 = 60 deg Given md] cos( 6) - kK(1cos( 6) - d)Isin(6) = 0 


65 = Find(6) 0 = 62.3deg 
Check Stability 
vy = ug 4) sin( 01) + KI sin( 62)” - K{1cos( 81) - 5)fcos( 81) 
Vy = mg 4) sin( 0) + KI sin( 6)” - K(Ios( 82) - 5)tcos( 82) 
Vv", = -1.624kN-m Unstable V"> = 1.55kN-m Stable 


Problem 11-34 


The bar supports a weight W at its end. If the springs are originally unstretched when the bar is 
vertical, determine the required stiffness k, = k, =k of the springs so that the bar is in neutral 


equilibrium when it is vertical. 


Given: 

W = 500 Ib ' i 

\ Be 
a=3ft re ix 

i, rs 
1 Ny jf D 
b = 3 ft , ae ’ 
c=3ft ! AY 
= Dati 


Solution: A / » ; 


V=W(a+b+c) cos(6) + =k(a sin(0))? + =K{a + b)sin(0)]" 


dv =-watb +o) sin( + ale + (a+b) 2) sin(20) 


dé 
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2 
ee =-W(a+b+c) cos( 8) + Haz + (a+ b)2| cos(26) 
dé 

at 0=0 
a 2 2 
a =-W(a+b+c) +4 Ha + (a+b) | = 0 for neutral stabiility 
dé 
b I 
k= “ee k = 100 2 
a’ +(a+b) ft 


Problem 11-35 


The uniform rod AB has a mass M. If 
spring DC is unstretched at 0 = 90 deg, 
determine the angle @for equilibrium and 
investigate the stability at the equilibrium 
position. The spring always acts in the 
horizontal position due to the roller guide 
at D. 


Units Used: 


kN = 10° N 


Given: 


M=80kg a=i1m 


Solution: 


Ve mS ; "| sin(@) + =k(acos(6)) 


"| cos( 8) = 0 sin(20) 


v= ay = ud ; "| sin( 6) - ka’ cos(26) 


1104 


© 2007 R. C. Hibbeler. Published by Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. 
This material is protected under all copyright laws as they currently exist. No portion of this material may 
be reproduced, in any form or by any means, without permission in writing from the publisher. 


Engineering Mechanics - Statics 


Chapter 11 
Equilibrium 
; a+b kD. 
Guess 9 = 30deg Given Mg ; cos(@) = ria sin(26) =0 1 = Find(8) 
; a+b KD, 
Guess 0=70deg Given Mg ; cos( 8) = a sin(20) =0 09 = Find(@) 
Check Staibility 
+b 
V'4= ce )sn(e = ka’ cos(27) 
aD Vix: > 
V"y =—-Mg sin( 02) —ka cos(249) 
0, = 36.1deg V"; =-1.3kN-m Unstable 
07 =90.0deg V"> = 0.82kN-m Stable 


Problem 11-36 


Determine the angle @for equilibrium and investigate the stability at this position. The 
bars each have mass m, and the suspended block D has mass mp Cord DC has a total 
length of L. 


Given: , ‘ 
Mp = 3kg 
Mp = 7 kg 


L=1m 
ose 
g=4. 2 
D 
Solution: Equilibrium 


V= 2my 9 sin( 9) - mpg(L +a- 2a cos( 6)) =0 


V= mp gasin( 0) + 2mpgacos( 6) —mpg(L + a) 
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oy = mp gacos(@) — 2mpga sin( 6) =0 


dog 
Mp Mb 
tan( 6) = ——— 0? = atan 
2 2m 


mp 
Stability 


2 
V'= stay = —mp gasin( 6) - 2mpgacos( 6) 


ao 


vrs —mp gasin( 6) - 2mpgacos( 6) 


6 = 12.095 deg 


V" = —70.229N-m 


Chapter 11 


Since V" < 0 the equilibrium point is unstable. 


Problem 11-37 


The bar supports a weight of W at its end. If the springs are originally unstretched when the bar is 
vertical, investigate the stability of the bar when it is in the vertical position. 


Given: 
lb 
kz = 300 — 
ft 
ko = 500 = 
a ft 
W = 500 lb 
a=3ft 
Solution: 


V = W3acos(6) + sky (asin(o))* + sho (2asin( 6)? 


2 
V = 3Wacos(6) + Ski + 4k) sin(0)* 


2 
d 


Vi =—V =-3Wasin(6) + Ski + 4k) sin(26) 


dé 
y" = 


2 
@y 
a 
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At 0 = 0 deg 
v" = -3Wa cos( 8) + a(ky + 4k) cos(26) 


Since V" = 1.62 x ‘toe Ib ft > 0, then the vertical position is stable. 


Problem 11-38 


If each of the three links of the mechanism has a weight W, determine the angle @ for equilibrium. 
The spring, which always remains vertical, is unstretched when = 0°. 


Solution: 
ve sk(a sin(6))” — 2Wasin( 6) — W(2a) sin) 


kee 


Ve sin(6)" — 4wasin(6) 


oy 7 ka’ sin( 6) cos(6) -—4Wa cos( 6) =0 


dé 
cos(@) =0 0 = 90 deg 
; 4W _ ( 4W 
sin( 6) oe 0= asin( 
ka ka 


Problem 11-39 


The small postal scale consists of a counterweight W, connected to the members having negligible 
weight. Determine the weight W, that is on the pan in terms of the angles @and ¢ and the dimensions 
shown. All members are pin connected. 
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Solution: 


¢ = —@ + constant 
V= W2asin(¢) —-W bcos(6) 


V= ay = ~W>acos(¢) + Wy bsin(@) = 0 


Problem 11-40 


The uniform right circular cone having a mass m is 

suspended from the cord as shown. Determine the angle .~ 
@at which it hangs from the wall for equilibrium. Is the 

cone in stable equilibrium? 


Solution: ish 


de 2 
Equilibrium 
V=0 Z sin( 6) - 2 cos( 8) tan( 6) — = 0= sn =) 0 = 9.462 deg 
2 4 6 6 
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—3 1. 
vy" = {2 cos(6) = + sin() amg Vv" =1.5'amg Stable 


Problem 11-41 


The homogeneous cylinder has a conical cavity cut into its base as shown. Determine the depth 
d of the cavity so that the cylinder balances on the pivot and remains in neutral equilibrium. 


Given: 
a = 50 mm 
b = 150 mm 
Solution: 
b d{1 
ree -— ward 
2 4\3 
Yc = 


V= (vc = d)cos(@)W 


dy = -Wsin(A)(ye = d) 
dé : 
at 
0 = 0 deg (equilibrium position) a 4 \ 
A h 
9 ot ae Datum 
d a Uk 
oN = -Weos(8)(ye - d) =0 ti NY 
dd AN TL 
d= Yc DS 


Guess d=10mm 


b 
Sar nb - ¢(420°a| 
2 4\3 

$$ d =Find(d) d= 87.868mm 


1 
macb - sarod 
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Problem 11-42 


The conical manhole cap is made of concrete and has the dimensions shown. Determine the critical 
location h = h,, of the pick-up connectors at A and B so that when hoisted with constant velocity 


the cap is in neutral equilibrium. Explain what would happen if the connectors were placed at a point 


h> ha. 
Given: 
a=2 ft 
b = 2.5 ft 
c=3ft aS ~ 
i i es <> \ 
d=5ft { / \ .B 
or . 4 NS i 
e = d-(b-a) hip h a \ 
Solution: ' [ N i 
V= Wye - h) cos(@) 
d y / q 
—V = W(h- yc)sin(6) = 0 
dé 
Equilibrium at 
sin( 6) =0 0 = Odeg 
For neutral equilibrium require 
d2 
—.V = W(h- yc) cos(A) = 0 Thus yo=h 
ae 
F : cd ce 
Thus, A and B must be at the elevation of the center of gravity of the cap. cz = Aah c2 = 
= e-a 


GlonblewaGlGnclas 


her = Ye hee tt If h > her then stable. 
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ay 


Problem 11-43 
Each bar has a mass per length of mp. Determine the angles 0 


and ¢ at which they are suspended in equilibrium. The contact 


at A is smooth, and both are pin con-nected at B. 
Solution: 
fa) = = 3 re »\h 
+ @ xan = St } 
31. (31 —_— a 
V= — mo ri cos( 6) —Img| = cos(¢) ——mg Icos(¢) +— sin(¢) | A 
9mg! mo r / 
Bape sin( 6) — mg! sin(¢) + cos(¢) =0 betas 
do 8 
Guess @ = 10 deg @ = 10 deg 
Given 0+ = aan > = sin( 6) 7 sin( ¢) += cos(¢) =0 
0 ee 
= deg 
eee 


*) = Find(8, ¢) 


Problem 11-44 
The triangular block of weight W rests on the smooth comers which are a distance a apart. If 
the block has three equal sides of length d, determine the angle 0 for equilibrium. 
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a 


isdstossasciotetectbsptstdense tatavedtctebesbeectbeaseaetey by 


6048 60eR 


b 60 cs 


Solution: 


a 7 b pass sin(60 deg — 6) 
sin(60 deg) —_sin(60 deg — 0) ~— sin(60 deg) 


ooo 
V= w(Zasinco deg) cos( 6) - bcos(30 deg — a) 


V= 28 geste) — 2a cos(26) = a) 


23 


¢ V= WGA) + 8a sin( 6) cos( 6)) =0 


do 23 


0, = asin(0) 0; = Odeg 


d 
05 = acos| — 


Problem 11-45 


A homogeneous cone rests on top of the cylindrical surface. Derive a relationship between the radius r 
of the cylinder and the height h of the cone for neutral equilibrium. Hint: Establish the potential 


function for a small angle 9 of tilt of the cone, i.e., approximate sin 9 0 and cos 0 1—07/2. 
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Solution: 


V-= (- + "eos + rasin( |W 


vere) $4 . | 


- oa 
be ole 
d h 
de i vgs \ 
ara 


/ \ 
dv, h | 
<w? -(r-Ala =o ————————— 
dé 4 
2 
d h 
ae a, 
‘ [XX i) 
ral ra f ‘ W 
Equilibrium Kees } [ Li ; 
(; + \ avg /4 \ ; 7 
0 = 0 deg . f \ 


For neutral equilibrium: 


h 
r=— 
4 


Problem 11-46 


The door has a uniform weight W,. It is hinged at A and is held open by the weight W, and the pulley. 
Determine the angle @ for equilibrium. 


Given: 
W, = 50 lb 
Wo = 30 |b 
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a=6ft 
Cc 
b =6ft _. Tae} 
\w D a 
Solution: ¥ \ we } 


v= wi(3] sin(0) + Woy a” +b” — 2absin( 0) 


es wi(3] cos(6) — (=) =0 


dé a + b° 7 2ab sin( 6) 


Guess @ = 10 deg 


a + b? = 2a b sin( 6) 


Given m(3] cos(@) = "(= =0 d= Find( 6) 


6 = 16.26 deg 


Problem 11-47 


The hemisphere of weight W supports a cylinder having a specific weight ». If the radii of the cylinder 
and hemisphere are both a., determine the height h of the cylinder which will produce neutral 
equilibrium in the position shown. 


Given: 
‘ 
W = 60 lb wt h 
/ \ \ De 
; f ‘, ti \ a 4 — 4 ' 
a=5in | GAN | / } 
(d ai | \ \ a } 
\ “ol SY \ j 
lb \ ‘ ‘ \, » \ y 
y= 311 — Vd Sy S A 
ft —— a ee Se 
Solution: 
3a h 
V=-w — cos(6) + y nach = cos( 6) 
8 2 
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For neutral equilibrium we must have 


yma h? W3a _ ‘5 j= W3 
2 8 4n va 


h = 3.99in 


Chapter 11 


Problem 11-48 


Compute the force developed in the spring required to keep the rod of mass M,,,, in equilibrium at @. 


The spring remains horizontal due to the roller guide. 


Given: 
k = 200 = 
m 
M =40N-m 
a=05m 
@ = 30 deg 
Mrod = 6 kg 
Solution: 


V=M@+ Mroddf 3) sin( 6) + sk(a cos( 6) 7 6) 


dé 
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dy =M+ Mroadf 3) cos(6) 7 k(acos( 8) = d)asin( 8) =0 


Engineering Mechanics - Statics Chapter 11 


Guess 06 = 100 mm 
Given M+ Mroadf | cos( 6) - ka cos( 6) - d)a sin( 6) = 0 


5 = Find(6) 5=-0.622m F = Kacos(@) - 6) F =211.0N 


Problem 11-49 
Determine the force P acting on the cord which is required to maintain equilibrium of the horizontal bar 


CB of mass M. Hint: First show that the coordinates s, and spare related to the constant vertical 
length | of the cord by the equation 5sp — s, = L. 


Given: 
M = 20 kg 


Solution: 
L=4sp+ (sp is sa) 
L = 5sp- SA 
AL = 5Asp— As, = 0 


Asa = 5SAsp 


V=—-Mgspt+ Ps, 


AV = —MgAsp + PAsg = (—Mg + 5P) Asp = 0 


M 
P=— P = 39.2N 
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Problem 11-50 


The uniform bar AB has weight W. If the attached 
spring is unstretched when @= 90 deg, use the method 
of virtual work and determine the angle @ for 
equilibrium. Note that the spring always remains in the 
vertical position due to the roller guide. 


Given: 
W = 10 lb 
lb 
k=5— 
ft 
a=4ft 
Solution: 


y= asin( 8) oy = acos( 6) 60 


OU = (-w+ Fs) dy = [ka = asin(6)) = Wlacos(6)d0 =0 


cos( 07) =0 0; = acos(0) 0; = 90 deg 


sin( >) =e - 02 


Ww 
sin = “| 02 = 30deg 
ka 


Problem 11-51 


The uniform bar AB has weight W. If the attached 
spring is unstretched when @= 90 deg, use the principle 
of potential energy and determine the angle @for 
equilibrium. Investigate the stability of the equilibrium 
positions. Note that the spring always remains in the 
vertical position due to the roller guide. 


Given: 
W = 10 lb 
lb 
k=5— 
ft 
a=4ft 
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Solution: 


V=Wa sin( 6) + ska = asin(o))" = Wa sin( 6) + ska” (1 = sin(0))" 


Equilibrium 
oy = Wacos(@) = ka-(1 = sin(6)) cos( 6) =0 
dé 
cos( 07) =0 0; = acos(0) 01 = 90 deg 
oS ee ee eee asi Z 
sin(@2) = 1 7 09 = sin *) 09 = 30deg 


Check Stability If V" > 0 the equilibrium point is stable. If V" < 0, then unstable 


av 2 2 
vy" = — =-Wa sin( 0) +ka sin(@) +ka cos(26) 

ao 
Vv"; =—-Wa sin( 01) + ka’ sin( 0) + ka’ cos(267) V"1 = —40|b- ft 
V"9 = —Wasin( 02) + ka’ sin(02) + ka* cos(262) V"2 = 60Ib-ft 


Problem 11-52 


Chapter 11 


The punch press consists of the ram R, connecting rod AB, and a flywheel. If a torque M is applied 


to the flywheel, determine the force F applied at the ram to hold the rod in the position 0= ®. 


Given: 


M =50N-m 


99 = 60 deg 


r=0.1m 
a=0.4m 


Solution: 0 = 00 


Free Body Diagram: The system has only one degree of freedom defined by the independent 


coordinate @ When @undergoes a positive displacement 60, only force F and Moment M do work. 


ae = re + 7 - 2x rcos( 8) 


O = 2x6x — 2rcos( 6) dx + 2xrsin( 6) 50 Ox = [sn ao 
rcos( 6) —X 


[ xrsin( 6) 
OU = —F 6x — M60 = | -F| ——_.— | - M|60 = 0 
rcos(@) — x 
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Guesses F=i1N xX = 0.1m 


Given e = x + ? - 2xrcos( 8) fan -M=0 
x 


= Find(x,F) x=0441m F=512N 
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